
This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 
to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 
to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 
are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other marginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 
publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing this resource, we have taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 

We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain from automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attribution The Google "watermark" you see on each file is essential for informing people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liability can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 



at |http : //books . google . com/ 



^ THE 

POPULAR SCIENCE 
REVIEW. 

A QUAETEELf MISCELLANY OF 

ENTERTAINING AND INSTRUCTIVE ARTICLES ON 

SCIENTIFIC SUBJECTS. 

EDITED BY HENRY LAWSON, M.D. 
VOLUME XV. 




LONDON: 
HARDWICKE & BOGUE, 192 PICCADILLY; 



AND ALL BOOKSELLEB& 



1876. 

39 



c^?- 



^^< .• 



J 



SFOTTiairOOOB AXO CO if>w „.. 



• •• • t , 



•• ••• • 



• •••••• 



CONTENTS OF VOL. XV. 



I5 THE WaKB of THB '' CHALLBHeBB.** Bj J. G. GaltoB, MA., 
F.L.S. Illustrated ... ••• ••• ... ••• ••• ••• 1 

Watbb Supply and Public Hbalth. By W. Topley, F.G.S., 

\y»JCim ••• ••• ••• ••• ••• ••• ••• ••• ,• OJL 

Thb Cbbiacbous Floba. By J. Morris, F.G.S. Illostrated ... 46 

Thb ''IifTLBxiBLE" AKB HEB ARMAMKyT. By A. H. Atteridge. 

Illustrated ... ••• ••• ... ... ... ... ... 60 

How MusHBOOXS ABB Repbouugbd. By Worthington G. Smith, 

1l »Xj»0» ... ••• ••• ••• ••* ••. ••• ... ... Uv 

PBOPBSSOB TtNDALL's ExPEBIKENTS ok SpOKTAKEOUS GEHERATIOir, 

AiTB Db. Bastiav's Positiok. By the Hev. W. H. Dalliuger. 
Illustrated ... ... ••• ••• ... ••• ... ••• 113 

Heat akd not Light a Motite Poweb ; ob, ExPEBDCEins with 

Radioketbbs. By H. a. Oonnington 128 

Eailwat TBATELLDre AKD Elbctbicitt. By W. Preece, C.E. 

Illustrated ... ... ••• •• ... ... ... ••• 138 

Studies op Matter and Life. By Henry J. Slack, F.G.S. ... 149 

Two Coffee Diseases. By M. C. Cooke, M.A. Illustrated ... 161 

Among Glagiebs, Recent and Extinct. By the Eev. W. S. 

Symonds, F.G.S 169 

How Herxit Crabs get Possession of their Shells. By A. 

Agassiz 183 

What are BatsP By St George Mivart, F.R.S. Illustrated ... 225 

The Eighty-Ton Gun, or Woolwich Infant. By Captain C. O. 

Browne, RA. Illustrated 241 

Aquaria : their Present, Past, and Fxtturb. By W. Alford 

Llojd ... ... ... ... ... ... ... ... ... 253 



IT oasasa. 



ToTOTTKAB, OK CocuukM, XBOTCLiML B^ A. HSSnd Attcridge ... 20^ 

Oar TEB Exmrcr Asixau or Xonx Awietta. Bj P^nffiwor 

Wimni H. Flower, FJLS. IBitilrf ... ... * ... ... S7e 

Pbacticil Xcnsi oar ' HErooonraBi^*' Br tlw Ber. W. H. 

DiDinger, TJ^BJLS. TUnitTityd ... * ... 33a 

AsnoaroMT lar AmMiCk, Bf Bidiud A. Froctar \ 351 

Oar THB Pbookbs of AEMasArna. Br Fred. W. Bmrpr ... 364 



Tab Pakaujx. Boaos of Gles Bot. BjFtattmat TjmiaSl, B.CX. 

lilitttnted 375 

What IB THB ICxixivo OF Hnuur PmotXAiXTT ? BfH.J. Shek, 



F.QJB. 


... 


889 


The Virracnoar Claxoub. Bj the Editor 


... 


... ... ... o«ID 




... 


... 84, 185^ 299, 40a 


SCUUTIFIC SumiAKT: — 






AstrotKnnj 


... 


... 98, 202, 315, 420 


Botao J aod Vegetable Fh jsbkgj 


... 


... 101, 205, 319, 423 


Chemtstiy 


... 


... 103, 209, 322, 42S 


(Hogntphj 


••• 


... 325 


Qeologj and PalsMmtokgj 


••• 


... 104, 211, 320, 427 


Mechanics 


••• 


106 


Medical Science 


•«. 


... 107, 213, 328, 430 


Metallnigj, Mineralogy and Mining 


... 


... 108, 216, 329, 431 




... 


109,330 


Microaoopjr ••• ••• ••• 


••• 


... 110, 216, 331, 433 


Phjaica 


... 


... Ill, 218, 332. 434 


Zoology and ComparatiTe Anatomy 


... 


... 112, 221, 335, 485 






ill. 



♦ 




.^CiWtn- eb'' 



itiOl&^aliTftd^ 



^AN 



POPULAR 




1 



CE REVIEW. 



IN THE WAKE OF THE ** CHALLENGER,'' 

By JOHN a GALTON, M,A. (OxaN), F.L.S. 
PLATE CXXIX, 




** Sie e«t die eioaip Kiinntlerin : ans dem aiajpeUlen Stoffe za den 
b^isten CoutTftsteD ; oh tie Seliein der Aaatr^ngung zu der groasten Vollett- 

iung^ i^ir frennaesten Be^itimruthpit iinaiec mit e^waa Weicbea iiberxogeiii 

, , , ihre Werkstatte iat unxuganglick" 

Goethe, Dk Natur^ 1780* 

*' GeheitnnisftToll am liclitiBii Tag^ 
litBstsicb Niitur dea Sclilekra niclit beraub^D, 
iTnd WB3 sly deb em Qeist nicht offeabaren ma^, 
Da^ zwiDgst du ih; nicbt ab mit Hebeln uud mit Scbraubea/- 
OoETHlB, Faugt, Ut Tkeii, 180L 

<^ Waa mftu hd der Natur f^beimmMvoUes pries, 
Das wagen wir reratiiiidi^^ m probmn, 
Und WRB aie ^onst orgnniiiiiren mss. 
Baa laiaen wir krystHllisireD/* 



TiOCTOR FAUSTUS, seated among his dusty tomes, his cru- 
xJ ci b leB, retorts^, and li mljecka j speaks w i th l}ecomi ug re v er ence 
ot ttie secrete of Nature, which, it appears, he has only attemp- 
ted to induce her to yield up by employment of the art of the 
alehjmist ; while bis former pupil, the priggish Wagner, flushed 
may b© with his success in creating the "" Homunculus,** treats of 
AeB0 same secrete with a somewhat flippant tongue, Nowa- 
AbjBj in these miatter-of-fact times, we, but with no dimiaished 
regard for Nature, geutly, but firmly and with confidence, exact 
of her tribut-e from those of her tre^siues which she lias buried 
fathoms deep, beneath the waves of the ocean, not strictly perhaps 
^ with levers and with screws," but with dredge, trawl, and 
founding-lead» 

The first successfid attempts to ascertain the nature of the 
teft^bottom and the limit of life at depths greater than 100 

TOL. 3CY. — HO. LVIIL B 
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fathoms were made by Sir J. Ross, in 1818, who, by the help 
a machine of his own invention, bmnght up several pt>undii 
mild from 1,050 fathoms, or above ^ mile, in Baffin^ Bay, 73i 
30' N., 77*' 15' W* This depoi^it was desscribed by Ru»s aii^ 
Sabine, who accompanied hiro, Jt waj a tine greenish mud, btfl 
no aociurate determination of its nature was made, Ehrenlitrfi 
in 1853, examined the surfece scum and mud obtained 
Penny in 73° and 7-^° N., and found it to consist of— ((i) Dia^ 
tonis< vegetable) living at the surface; (6)Radiolaria {ammaU), 
als^o 8urfaee-Uving ; and (c) sponge-spiculer* (animal, from the 
bottom. In 1854, Bailey determined the nature of the njud 
procured by Brooke in 900-2,700 fathoms in the i^ of Kum^ 
fichatka* The mud was purely silieious, there being absoUitelj 
no calcareous organiisms. These and other observations tend 
to establish the existence of a circum polar zone of silicious tU 
posits in the Arctic regions, within the parallel of 5'f N*, via 
a North Polar sUichus eap. In 1S39 an Antarctic expeditloJ 
was despatched under Sir J. Ross, attention having l>ee 
awakened by the appearance of Ehrenberg*s work on mi nut 
organisms (*'Die Infusionsthierchen"), from the years 1836-38 
This naturalist discovered that organisms whose skeletons t€ 
sernbled those occur riog in the cretaceous and tertiary rocks 
and sometimes coustitute tlieir whole mass, are still living^ 
The observations of Dr, Hooker and of Sir J, Ross at two dia 
tant points of the Antarctic zone proved the exist^ence of 
Smith Polar silicwus aq^- The discovery of an Intet'Tiieiliat 
zone of ctdeareo-mlici'Cyus deposit, in aV^out 110° lal., of a 
deep sea sediment, dates back to 1853, and is due to Ehren- 
bergs examination of soundings brought up hy Berry man from 
2,000 fathoms^ between Newfoundland and the Azores;, Tties^ 
consisted of silicious diatoms, Riulvdariaj and sponge-spiculeH 
as in the Antarctic seas, hut the bidk was i^lGSLieouBForamimfermM 
From this Ehrenberg concluded that **^ chalk is nothing but m 
mass of dead foraminiferal skeletons." These results have beeS 
confirmed hy Bailey, Huxley, and others, as well as the fact tm 
the extension of aaimikr deposit over the South Atlantic and 
into the Indian Ocean- The geological nat.ure of the gre^nfl 
sand deposit formations was detiM-mined hy Ehrenherg in lB54a 
and the discovery of newer greensand deposit^ in 100-300 fafl 
thorns was made almost contemporaneously by Pourtalea, Parkefl 
and Jones, too, ascertained that a formation of greensand waji 
going on in the Australian seas- It is in extending some of th% 
conclusions already established, and in the discovery of mndfl 
that is wholly new to scienc^j that the Challenger has been tuM 
the last three years employed** ■ 

I • Tliese prfeliniiDary remiurks regaT<Jing the disco venea at Ehrenb^rg iii« 
kiliArv tre iKkeo from a lectims by J^rof. Haiti ey, ^^ On tbe Recent Work <4 
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The objects of the eipeflition are perhaps best expressed by 
the following ab«tmct from the '^Scientific Orders" of the 
Chaileuf/sr : — **The principal object of the proposed expedition 
is iiDderstood to be to investigate the physical and biological 
conditioD of the great ocean bajsin/** The route proposed was 
as follows ;■ — Down tlie coast of Portugal and Spain ; across the 
Atlantic, from Madeira to the West India Mande ; thence to 
Bermuda, then to the Azores, Cape de Verde Islands ; along the 
coait of South America, across the Atlantic to the Cape of 
Good Hope, Thence by Marion Island, the Cro^ets, and Ker* 
giielen's Island, to Australia and New Zealand, going southward 
^i£ route^ opposite the centre of the Indian Ocean, as near as 
may be* with convenience and siifety, to the southern ice- barrier. 
From New Zealand, through the Coral Sea and Torres ?> traits 
westward, between Bali and Lorn bok; thence through Celebes 
aod South Seas to Manila. Tlien eastward into the Pacific, 
visiting New Oiunea, New Britain, and the Solomon Islands, 
Afterwards to Japan, where some time might be proiitably .npent. 
Thence the course ahoidd be directed across the Pacific to Van- 
couver s Island, fioutherly through the eastern trough of the 
Pacific, and then homewards round Cape Horn. Special atten- 
tion must be paid to the fauna and flora of Marion Island^ 
Crozets, and Kerguelen's Islands^ and of any new groups to be 
met with in the region to the south-east of the Cape of Good 
Hope, If possible^ the Aucklands, CampViell, and iVIacquarie 
Ijiland^ shonl'i be touched at. The zoology of the sea between 
New Zealand, Sydney, New Cajedonia, and the Fiji and Friendly 
lilaiidd should be carefully investigated, as it is possible that 
the Antarctic fauna may be found here at accessible depths, 

Pkymcal Ohservatimis, — These are to lie made at stations 
the position of which have been carefully determined, and 
chosen, so far a^ possible, at equal distances apart- At each 
«t-ation should be noted the time of the observation, the weather, 
the temperature of the surface of the sea, the depth, and the 
bottom temperature, by means of two Miller-Casella thermo- 
meters,t with the specific gra\'ity of Vjoth the surface and of the 
Ijottom water. The natiu-e of the l*ottom is to be determined 
by an apparatus to bring up samples, and, if possible, by the 
dredge. When practicable the amount and nature of the gases 
contained in the water Bhould he determined. In the path of 



the ChnUen^ Ejcpediticm auii its Ijearlpg ou G(*ological Problems" 
delifered at the Hojal InfititutioDf on Friday evening, Jan, 29^ 18Td» — Se« 
** PrcH!, Royal IhbL/* voL Yii. part 5, April 1876. 

* ** Nature," vol. viL pp. HH and m± 

t Thit initrunseDt, and ita copper ca&e, are fig^ured at pp. 291, 202 o' 
Prof. Wy villa Thomson *!i *' Depths of the Sea," Lond. 1873, 
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cin ' rhd temperatTire eliould be taken, either wn^ iwP 

hi nf Hit^iiiLW* or with a MiUer-Casc4la tberroometer, 

Biuij^li? iif*t**rfninMUou of the depth of the ©ea at regular dis- 
iuDCi'Tt h of (iriiTiiiry iniportance, 

TIk* nurfna* t4Mni>eratiire of the nea a^ well sa of the air (de* 
itnnUwd hy dry aud wet hulb thermometers) is to be recorded 
tvvry t.wt> liourit. The records obtained ihould be reduced to 
curv(*it* 

In the North Atlatitic there seem to be the toUowiug strata :^ — 

(a) iSirperftelal^ of which the temperature rkes with tbe at- 
mo»*ph(*re- ThiM doeis not exceed 100 fathoms in depth. 

(b) An upper stratum beneath this ; the temperatiu^ of 
whidi fthrwly diminishes as the depth increases to several 
liutidrtnl fathoms. In the liigher latitudes this is considerably 
(ifiom t!u^ normtd of latitude, hut in intertropical regioiis it is 
coiiHidt^mhly be!ow the normal* 

(tt) A stratum in wluch the rate of diminution of temperature 
is rapid ^ after being 10^ in every 200 tat!ioms. 

(r/) 'rin* whole fjf the deeper part of the North Atlantic lielow 
1,000 flit hMiuH in lM3lieved to be oecupied by wat^r not many 
dt^grces above 32*^ Fahi\ The glacial stratum* 

An iiit^'rc^tf^ting question m the extent to which colder, and 
tht>rcf*jre heavier, water may nm tip-kUl on the sides of decli- 
vitictt. The position of the Azores is favourable for the deter- 
mi nation of this, 

The greatest results are expected from tlie Southern Ocean* 
The Hpecitic ^avitios of surface and of Ixittom water are to be 
compared, and that of intermediate depthi?, when stirial sound- 
ings are taken. 

The degree of transparencT of the water shoidd be det^^r- 
mioed hy Siemena' ph<>ti)grapliic appaa-atus, and by lowering a 
white plate to measured depths, 

Ohservations should l>e made on the relation, discovered bj 
Professor Schouw, between barometric height and the -lati- 
tude of the observation. It seems that there are certain 
meridians of high and of low pressure, 

Tlie thermometer and barometer should be observed every 
two liours* Tidal ohservations may be made by means of a 
graduated pole. 

It is desiralile,when enough tidal observations have been made, 
to settle the mean level of the sea, and that a pennanent heach- 
mark should be established, recording the date and height above 
such mean level. 

Samples of sea-water should be collected at various depths, 

* Mr. Sieoient iu^trument ia verj useful for aeriiLl Qjeoflufemeiiti &s it does 

not reqnire to be hftuled up for eiich reading. 
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A portion is then to lie bulled in vaeuo^the gasag collected, and 
their volnme determined, part bei ng hermetically sealed id glass 
tubes. The gmes contained in the air-bladder of certain fishes 
sboiikl be examined. 

Botamj. — The duties of the botanist are twofold : 1, To 
collect, 2, To make observations on the life, history, and 
fitructiire of certain plants. The vegetation of oceanic islands 
is of €?ipecial importance, these being sometimes the last 
position of flora of great age, which are liable to be speedily 
exterminated^ m at St. Helena. A collection shotdd be made 
from each islet of a group, a& the floras of contigiLOUS oceanic 
islands are wonderfiiUy diflerent. Among islands of which the 
flora is ab^>lutely or almost unknown are : — Fernando de 
Noronha; Trinidad and Martin Vaz, oif Brazil ; Socotra; Prince 
Kdward L ; Crozetg ; J^larion L : Pitcaim, Bounty and M^c- 
quarie Islands?. With regard to the Indian Archipelago, .Java 
alone ba^ been exploredj and the Philippines but partiaUy, 
CoUectioD!* from islands east of Java, especially Lombok and 
New liuinea, would l>e very valuable. The part played by 
icebergs in the transportation of plants ii of importance, and 
Ik the alga^ in hot-springs should be examined, 
^H Zootofiy, — The littoral fauna of the Papuan shores of Torres 
^■Straits is important for comparison with the fauna of the 
^Kopposite Australian Bhore. 

^H A hydrographical examination should be made of ^^ Wallace's 
^^line'^ in the Malay Archipelago, and of the littoral faunas on 
L either side of it^ Soundings should be taken in the Celebes 
iBBea, Capt* Chimmo having found in 2,800 fathoms a mud 
^Vl>ottom of Radiolamu and spouge-spicnles, but no calcareous 
organisms. 

A line of soimdingg between Japan and Vancouver's Island, 
and between the latter and Valparaiso, woidd be useful for in- 
vestigation of the quadrant^like zone of the Pacific which 
separates the eastern Ixiundaries of the Polynesian archipelago 
from the coast of Northern Asia and America. 

The limitation of reef corals should be investigated. It has 
lieen suggested that the limit of twenty fathoms may be a 
thermal one. Specimens of the hair of unmixed races of men 
should lie collected. 

Before entering generally and in detail into the results of 
the expeditidn, so far as they have been accomplished, it will 
be interesting to follow, as best we can, in the wake of the 
igallant ship during her cniise, picking up such ^* flotsam and 
Retsam ^* as may be accorded to us. 

r At 11.30 A.M. of Bee. 21, 1872, H.M.S. Challengtr cast off 

fthe jetty at Portsmouth. There was a strong breeze blowing 

from the S.W., and the storm-drum was hoisted. This sbip^ 
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liberally lent by GoTermneiit for tbe purpoies of mieneef k tf 
^p&t^ecked • corvette of 2,000 toas' di^laccao^it, her totm^te 
being greater than that of all tlie other fihipe tcf»ether whieb 
fonaed the expedition of Cook in 1772* Sixteen out of the 
eighteen 68-pounderfl which formed her artnameet had been 
removed, fto that the main deck was aUii«>^ clear for scieDtific 
action* Besides private eabins there is a cammodionfi zoological 
workroom (see Fig. 1 ), a chemjcal and physical lal)omtory, and 
a dark room and working room for the photogniphers. The 
wei;^ht of the ship is fio great tliat there can lie no ** give and 
take"' between it and the dredge, tending thus to jerk the 
latter off the ground. This will proljabiy be met by \miv^ a 
rope of a length greatly in excesa of the depth to be explored, 
and by attaching weights to it* Dredging and sounding are l»> 
be carried on from the mainyard, and not, as in the cruise of 
H.M*8. Porctipine^ from a derrick at the bow or Bteni.t A 
strong pennant is attached by tackle to the end of the yard, a 
compound arrangement of fifty-five Hodges' **accimiulators''t 
benig hung to the pennaot. and beneath it is a block throiigli 
which the dredge-^rope is rmi* This arrangement is better than 
dredging from a derrick. 

The navigation of the ship was under the charge of Captain 
Nare§, R,N., Profeesor Wyville Thomaon being at the head of 
the scientific staff', which consisted of Mr. H* X, .Aloseley, M,A* 
(Oxon\ a« botanist; the late (unfortunately) Dr, Rudolf von 
Willemoes-Suhm, a distinguished pupil of Professor von 
Siebold, of Munich, as zoologiist ; Mr. Buchanan as chemiftt ; 
Mr* Murray as geologist * and Mt. Wild as artist and private 
i*©eretary to the director of the scientitic staff. 

With regard to the furniture of the zoological laborati>ryt§ 

• Tijift h atj .ftdTAHtipge, aceordiDg to ProfesBor Wyville Thonwoo* — 
** Nature,'* toL tiL p. 386. 

t Tbii airangemeat ii figured in Professor Wyville Thomson *« " Depths 
of tbo .Sen/' fig, 46, p. 24S, 

I Tiiii i* figured in an article by W. Lant Carpenter. ** On the Apparnlua 
employed in Deep Sea Rvplorationa on board H.M.S. Por't^upme, in tbe 
Summer of 1^0/'— ^"PfiPLLAH SaKSfCB Bkview," vol ix. p. 2Sil Thia 
niac-bine ilaelf h well described in s<>iiie humorous venea ieut to the ^*C«ip0 
Monibly/' by one ** Jack Skylight *' :— 

•* It ain't a bad doge neither ; for when it*s pulled it attfitcbea, 
_^ And gives 8 kind of surge when the dredge at sum unit ketches : ^ 

B ItV like a coneertrnfi, Billf but where the wind k squoKe, H 

"^ f^rom end to end a aet of staja like Inde-rubber goea ; ^ 

A block ii tacked at bottom, and through it runs the line," Set. 
^ See ibu first c*f a mtleh of letters sent by Dr. ton WiUem(.^s-Suhm to 
Prof«tiWi>r Si ©bold, which appeared in ** Siebold und K6Uiker*a Zeitsclmft," 
Biuid. ixiii. to *XT, ineluBive. 



tlie mpply of microscopes was mogt Hbeml, comprisitig^ (tree of 
Hartnaek's pattern, four of MerzV^one of Winkers (of Go ttingen), , 
a binocular by Smitb and Beck, an InitrmneDt bj Kosa, one 
dissecting microscope by Zeis% besides simple microscopes for 
dissectingt lenses, &c. Such ingtrumeiits as ibrceps and sciBsors 
were plated with nickel, so as to guard against rust— tbcit 
plague of all steel instruments, either on board &hip or in hot 
climates* These are much to be recommended to all natiiriiliits 
Tvbo work on the eea-coast.* 

Of the library the naturalists were not a little proud^ in- 
clnding as it does inter nlhi euch splendid works m Btobu's 
*'Klassen und Ordnungen des Thierreichs," Milne- Ed wards* 
'^ I^e^ons snr la physiologie et ranatomie corapart^e*" ten volumes 
of Petennann'^ '* Mittheilungen,*' Siebold and Kojiker'ft 
'^ Zeitschrift,'* Max Schultze's "Arehiv;' the ** Transactiotig ^ 
of the LinnjEan and Zoological Societies, and some volumes of] 
the *' PhiIos*)phieal Tran&?actionSj'* together ivith such reprints 
of papers upon the development of marine animals as were the 
pr^^tperty of individual members of the ataff- 

The naturalists spent their time generally in the laboratory, 
tmtil they were hailed by the cry, " The dredge is up" when 
they rushed on deck, eadr armed with a forceps, eager to explore 
the contents of the dredge or travvL In some rei?pects the 
trawl was found to be superior to the dredge, as t!>i8 latter 
brings up ^o much mud as to spoil delicate organi^mSt 

For a week the Chtdltsjiger ejrperieneed very bad weather in 
the Channel and in the Bay of Biscay, which, however, was I 
even an advantage, as tending to find out weak points before ' 
that it was too late to remedy them. The ship rolls very much , 
— over 35^ *' when put to W* 

Off the coa.st of Portugal spedraens of Eyalmwma f and . 
Enpleddla ("Venus* Flower Basket") were obtained with] 
spicules not to be distinguished from those of their representa- 
tives in the Philippines, Some fishes were brought up from 
600 fathoms off Cape St* Vincent, which were in a peculiar \ 
condition from the expansion of the air in their bodies, on 
relief from extreme pressure, their eyes having a singidar ' 
appearance, " protruding like globes from their heads/ From 
1,090 fathoms a gigantic Amphipod crustacean was brought up> 
of the family Hy/peHna, allied to PhronhnfU The eyes were very , 
remarkable, *' extending in two great facetted lobes over the 1 
whole of the anterior part of the cephalo-thorax,'' like the ey^j 



• Thej were ftiiid« by Biiker, of Holboni. 

t This is iie an ti fully fifruri^d in Prof^ssior Wyviik Tbom son's work alr^ftdy ] 
quoted, iig. Gt], p. 4:21- 
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of one form of trilobite-* Some beautiful little urchins were 
also ohtiiiDed, allied to the Saltf*rla taken bj Count Poixrtales 
off Florida, " To an advocate of tlie ' continuity of the chalk * 
it is pleasant," says Professor Wjville Thumaon, 'Ho see in 
the flesh this little l>eauly, which has hitherto been reckoned 
among the lost tribetit/' - 

On P'riday evenings Feb. 14, 1^73, Santa Cruz was left, 
the weather being tine* and a light breeze blowing from 
N.Ep Course westward* On the morning of the 17th, from 
a depth of 2,^7 (*0 fathom « a mutilated specimen of a new 
Gephvrean was obtained, which was referred hj Dn 8uhm to a 
new genus, Leujderma^ intermediate between the Sipunculids 
and Priapulids. On the 18th, with 2,220 fathoms of line out, 
there was broiight up^ attached to a kind of coral, a sponge 
Wunging to the IltxtiafinellidfV^ but the type of a new genus 
Pofiop(iffon{7ro\i6^^^hitei ^rrtiirymv^he^Td) amadou. Both sur- 
faces were covered with a network of square meshes like that of 
Byidfmenm* From its base projected a hush of anchoring 
spicides, each having a barbed end like the anchors ou the 
skin-spicules of it. 

Protestor Wyville Thomson remarks f that in hot and calm 

weather the towing-net is usually unsuccessful, for it seems 

that the majority of pelagic forms retire during the heat of the 

day to the depth of a few fathoms, and come up in the cool of 

the evening and in the morning, and, in some cases, in the 

night. The larger phosphorescent animals are often abundant 

during the night around and in the wake of the &hip, while 

none are taken in the net in the day. On the afternoon of 

le 26th no less than 3,600 fathoms of rope were payed out, 

e deepest haul by several himdred feet which had hitherto 

made. For a few previous soundings part of the mud 

been getting darker, having, too, less calcareous matter on 

lyt?i&, and fewer foraminifera were seen under the microscope, 

<*w the latter organisms were entirely wanting, there being 

only a clay mud, like chocolate, remaining for days suspended 

in water. When at last it settled it formed a smooth red- 

brown ps^te, wit li no feeling of grittiness to the fingers, '*^ as 

though it had been levigated with extreme care for a process 

in Jsome refined art." It was almost pure clay on analysis, 

coasisting of a silicate of alumina, sesquioside of iron, with a 




• Seis Dr. Suhm*s paper « On Bome Atlantic Cra^tacea fi^m the Clmllmfftt' 
MonJ* '' Trana. Lmn. Soc,/' New Series. *' Zoology/' yoL h PI. XL 

t ** Nature," vol. viii. p, 29. A family of ailiclotis ipoagee with ?ix-raytd 
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gmall quantity of tQanganese* It would he ioteresting to 
whether this is connected with the extreme depth, Profe^isor 

Wyville Thomson thinks not- The depth at Station 5 Wiw] 
2, 7 00 fathoms, and on that occasion foraminifera wer 
iUumdaut, and several hi valve moUu^s were captured living»l 
The difference in depth cannot he so effective as to arrest the 
life of organisms to the secretion of who^ test^e^ the grey 
Atlantic ooze is dne. He is inclined to attribute this dep^^idt 
to a movement of the water from some special locality- 
possihly the mouths of the great 8outh Ameiican rivers. 

On ^^imday, March 2, the first patches of Oulf*weed weres^een 
On the morning 4>f the 4th a fine decapod crui^taceau was caught 
hiiviug the characters of A staekla;^ hut differing in the ab^encfl 
of eyes? and eye-stalks** The ahsence of eyes, remarks Profes^oC 
Wyville Thomson, in many deep-sea animals, and their fu 
development in otherw, h very remarkahle^t 

A singular ahsence of higlier forms of life has been notic 
for some days past. " Not a bird was to be seen, from mnminj 
to night." More latterly sharks and dolphins have Ini-en aeeu 
the latter in pursuit of flying-fish. They are easily deceived bj 
a rude imitation of one of their prey, such as a white spinning 
bait, when the ship is going rapidly through the water. On the 
1 1th the dredge-line was paid out to more than 4,000 &thoms 



• Vide Dr. Subtu's pupei- "On some Atlantic CruaUcen fmm th«! Chall^n^r 
Eipedilitm/' PL XII r,p fig. 1. Wiilemoesm kpt4/fhwUjiti i% itn right «am<j, tbi 
geiit?rie name IMidamin^ uii*It?r which it ii iig^ured in ** Nature**' vol. viij 
p. ^1^ %p 2, being already the property of a North American genus of ^phiti 
4/id(g. ** The ftf^s itr^ eittirehj irunhng^ nor ii xheTe^ a» m Astacus ZakfictUy mi 
plftcelel't open where ynu tuight ex pec t them p" • , * . " It ij* vt*ry itntniiishiui 
iiideeil that, amotifr all crust rtcean& known to us, Willemoeaui ttpproachifs m& 

t For instjmcet a stalk-eved cruatecean from 7(J0 faiLoms in which th 
erea are well developed in shallow water — e.^, Ethma t/nrnttlaia — may hav 
eje^talks gradnally modified into immovable pointed organit, devoid 
epecifti »eD«e, while Mtmida frsJrn a Uhe depth h»s unustxully develop 
and sensitive eyes. ** It in posaible that in certain caaea as the snn*6 Vight 
diminishes the powers of viaion become more acnte, while at length the ejt 
becomes susceptible of the Mimnlui of the faintest light of phopphorescencej 
Absence of eyes is not unknown nmong the Asiiacidiip. A. p^Uucidus from th^ 
Mnmmoth Cave* In Kentucky, is blind^ and from tbe same canse^ but iuof- 
phologrically, the eyes are not wanting-, being represented by rudiments, 
while in WilUwamti there is no trace of them or their pedundea. Mn 
Wood >[a«on detjcrihes (♦* NatUTe,*' June 6, 1873, p. 111) a macrovwns 
cntstacean^ a type of a new genus — Kephropa St4>wm-ti — dredged from 250 to 
300 fathoms off the east coast of the Andaman Islands, which bad lost il 
organs of vision bydisease, but in compeneation the anterior and audi (o 
or^sa wete greatly doreloped, It bunows ia mud at ibo bottom* 
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nearly five statute miles. A tube-buildiDg annelid, makinjf 

tubes from tlie sparse gritty matter of tbe red mud, was brougbt 

lip. ft was allied to tbe genui Ovjertiaj but had no cephaiic 

branchia. '' As bearing upon some of tbe most impoilaut of 

the broad qiieBtiona wbich it is our great object to solve, I du 

not eee tliat any capture wbich we could have made," says Pro- 

fBSor Wyville Thomson, ** conld have been more conclusive 

tlm that of tbii annelid,'' Tbe depth was practically 3,000 

fathomjs, a depth which does not app<;mr to be greatly exceeded 

in any part of the oeeau. The natitre of tbe bottom was very 

iifl&voiirEble to higher animal life, and yet this creature* closely 

*l!i^d to a well-known shallow water group of high organisation 

—the ChfTnenidm — was not developed. 

In dredging off Sombrero Mand, on March 15, several sponges 
belonging to tbe He^actineUidw were brought up* closely allied 
to those obtained off the coast of Portugal ; showing that the 
distribution of this remarkable order is very wide* Two crus- 
tiiwans, belonging to the family AskwldcUj were also captured, 
hith totally devoid of eyes j the one was a WlU^im^siH^ ^ the 
fiiim Ai<tucu8 zaieucus,f Both were carefully examined by 
l*r« 8uJim. Where the eye would be seen in A, JtuviatUia 
"there are two round vacant spaces which look as if the eye- 
italk and eyes had been carefully extirpated, and the space they 
occupied closed with a ehitinous menabrane," 

On Jlarch 16 H.M.S. ChaUmiger arrived at St- Thomas, after 
3() days* voyage from Teneriffe, having completed 23 etations. 
The natural history of this island, which belongs to Denmark, 
ig fairly known, large collections having been sent to Copenhagen* 
Ophiuri deans are particularly plentiful here. While dredging 
W alguf 31r- Moseley brought up some specimens of a flower- 
iDg plant, apparently Haktph'da ; a genus hitherto known only 
U occur in tbe Eed Sea and in the Indian and Paeitic Oceana*} 

St. Thomas was left on the 24th, and the Bermudas reached 
m April 4, 32 stations having Ijeen completed. It may be worth 
tnentioning that on March 26, in sounding at 3,B75 fathoms, two 
Miller-Casella thermometairs, which had been sent down, sieui 
mi mo«, with a ship water-bottle, attached to a *^ Hydra ^ sound- 
ing instrument, came up broken. The mischief was traced to the 
inring way of tbe smaller, unprotected bulb, § Why should the 

• W. arumfer, T* L, S., Jhid, pL xiL fig. 10 i and "Nature," voL riii, 

t T. L. 8.. UM. ph 3L f^g. 1. 

I 11)i*j pktjt wfta »ubmitt<id Ui Prof, Aschetson of Berlin, who said that it 
»•• « coDg^'Jier of H. omik^ And called it H. BuiUmm. It whs found hnlf a 
cr&liiJY ago by Bertero*— " Jnura* Lirrn, Soc* Botaay/' vol. xir* p, 311. 

J X ftgor&of the ffagtoeots ia given ia " Nature," ?oL viiL p, ilO, 
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mischief occur here, and how is it to be remedied ? It is pnv 
bable that the end of the smali bulb was the last point of die 
instrument heated and sealed after the tube had been filled with 
liquid, and that, consequently, the annealing at this point was 
imperfect. It will be of no use, thinks Pi^ofessor \VT\HUe 
Thomson, to protect this bulb in the same way as the large 
bulb^ by an outer shell ; the only plan, therefore^ is to thicken 
the small bulb and improve ita temper. It Bhould be uot^ 
that the instrnment had undergone a pressure of four tons t^i the 
square inch, though it had only l^een tested to bear three tons to 
the sam6 area;* 

With regard to the Bermudas, one wonld imagine at first 
sight that the islands exhibited on a small scale "an epitome 
of the geological phenomena of a disturbed palaeozoic district." 
General (when Lieutenant) Nelson, R.K., has pointed out that the 
great proportion of the Bermudas is formed simply by the 
blowing up by the wind of a fine calcareous sand, a product of 
the disintegration of coral, shells, and other constilueuts of the 
neighbouring reefs. This sand is blown into duoes 50 feet high 
("jEolian formation," Nelson)— see tig, at p- 267, ^'Nature," 
July 31, 1873 — which move inland, ^^ fonninj^ shoreward a glacis 
at the angle of repose of loose sand," This sand is converted 
into a rocky material by the agency of rain-water, whieb, con- 
taining a quantity of free carbonic acid, dissolves the lime 
freely. This solution of bicarbonate of calcium, on perco- 
lating, loses again a part of its carbonic acid, and deposits a 
cement of carbonate between the particles of coml sautl. Then? 
is a total absence of running wat^r in the Bermudas, nor is there 
a trace of a |x>ol or even of a ditch ; for the rain percolates, aji 
through a sieve, the ground, which ies also horizontally porous, 
thiLs letting in the salt wat-er also, below the gea-le\'eL The 
terrestrial vegetation of the Bermudas may, according to Mr* 
^Moselejit l>e divided into five principal stations, each having a 
flora pecuUarto itself; viz. L To the coast-line^ with the littoral 
flora, 2* Peat-bogs or marshes. 3* Shallow brackish ponds. 
4, The caves. 5. The remaining land surface. Along the 
coastline there occurs abundantly Borrichia^ a com posit e^ in 
two forms, side by side; one w4th succulent bright green 
leaves, the other with glaucous and downy foliage. The bind* 
ing plant of the dunes is a hard prickly grass {Cenchrusy Ixk 

* It fleema that Meisri. NegrettJ, and Zainbm had iorae yejtrs pre? louily — 
in 16^7 — made upwarda df fifty of the fame tnodificationof 8is:*» iherniome- 
ten foF the Boiitid nf Tmde* Bee their letter ia ** N»ture," vol viii. p, 520 ; 
ftlso a commuaicatioji, nccompauied by a iigiire, *' On a New Beep Sea Tli«r- 
mometer;*^*' Proc. Boy. S jc." roL xiii- p. 238. 

t *' Joam. Linn. Socf Botany/* ¥oL ^r. No. 77, pp. 317-32L 
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are the great features, especially two 
OBmundits. Here were found nearly all the lichens and fungi. 
The peat burns well, and has the appearance of its ordinary 
Eumpeati representative. In excavating Bermuda dock a bed 
of lignite was found at 50 feet depth, evidently an ancient peat- 
biig* In the caves the cofiFee growji wild, the tree being of 
krge gixe. The juniper forms the main feature of the vegeta- 
tioa» Common fennel, too, has spread aU over the islands, 
Atout 160 species of flowering plants were collected in the Ber* 
midas^ of which no more than 100 are indigenous. Those of 
West Indian origin were transported, as Grisehach suggests* by 
the Gulf-&treani, or the general drift of surface-water. The 
occunence of American plants is prol.>ably due to vast numbers 
of migratory birds which come from tJiat continent. These, 
mmg them the American golden plover (CharadriiU marmo- 
Tolus)^ probably bring a number of seeds, either attached to 
tLeir feet or feathers^ or temporarily lodged in their digestive 
tract. A ship laden with grapes had been lately wrecked 
ijn the coast. Some of the seed germinated, so that General 
Lefroy was enabled to obtain a email number of vines far hia 
prdens. 

The Ckidlenger left the Bermudas on April 21, and arrived 

at Halifax on May 9, having worked through 44 stations. After 

« stay of a few days, the ship returned to the Bermudas, 55 

^Utions having been explored. On Thursday, June 12, the 

ChaUsnger left the Bermudas en route for the Azores. On this 

vojige some fine specimens of a magnificent barnacle were 

hukd up, attached to curious nodules, consisting almost en« 

tfpely of peroxide of manganesej much resembling certain 

' s dredged up 700 miles eastward of Sombrero Island. 

.„.. L-irriped,* Sculpellmn regium (fig, 2), is by far the largest 

rf known living species of the genus, a female specimen having 

to eitreme length of 60 millimetres, of which the ^* capitulura ** 

m§ 40 more, and the "peduncle" 20 more in length. The 

was covered with imbricated scales and coarse hairs, and 

lives were 14 in number. In two of the specimens there 

US no trace either of testes or of intermittent organ, but the 

■— '^^ were well developed. In nearly all " com pie mental 

" were to be seen, from five to mne in number, attached 

1 the *'occludeut margins,*' in a fold of the body-sae 

free from the valve. The male (fig, 3) is very simple, 

k-mg oval and sac-Like, and about 2 inches in length. It has 

few mdiments of valves, nor is there a trace of a jointed 

tbomx to be seen, even after boiling in caustic potash. The 



•See tuticle *'B*niftclet; iheit Facts aad their Fictiaai,"— PoHiLAa 
Scnarot RtriEW, Oct. 1873, 
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wIk*]*' ^»f ih<f^ p^MtcTior iwo-ihirfii of the body is filled wit! 

With v(^'j:nri\ to the '^Hnrj^nitso Sea,*' the masses of "Gulf" 
w#H*(l whuih rtfiat here are not toatted together, but coUHist uf ^J 
niiiglo Ihvjt af the fcathfiry bmnchesof Sfirgumnim bacc*/erum^^ 
l}iv vfvMidfPi uf whicli plant are encrusted with a beaiitifalli^ 
actttnl white pfilyKoun, Tlie patchei of weed, varying iu ehadtr 




Vm. a, 




fnun 4UI iJiifc t » **& *; tt of olive*" fctrtn a lorelj con^ 

Imst wiUi the " iati?ti.-. -,^ ^"^ of the tea betw^^en. One 

Ui«' !»»]»«« pec*i«c esample:? of pcou^uve leieniblii&e^ is shown 
1^ thif buM of Ibp "^Gttif " vced« whidi imitAle Uiih in forni 
iwA eolottr llbdr babiut, m ttt efleettnlly to deoMT^ both biidftj 
mA Mm «h^ mi^ rn hmwim wV vp» ^l>«o^ A littfe 
-lilt JulMiMviM— iMlm MUs m tfe««d, and m nnU4 

t^al^w Willi wlHft«f«r pMt it nw cbuw to iaimimt. 



IS TU WAKB Of THE *' CIlALLENGER," 



15 






On Friday e^^eninnf* July 4, the ChaUfiUfjer arrived at Porta 
Delgada, the capital of the ii^latul of San Miguel, one of the 
«£i4ternmoflt of the Azores group. At Fumos, in 8an Mi- 
g^ieL there are two sets of boilings springs which were explorer I 
by the botanist of the expedition for alga?, fotinected with 
one spring there is a l)asin tiill of intensely hot water always in 
#bidlitian. This had no algte in tt. 8ome diatoms were found 
in a hot sulphnreousgprini^, probably derived from a citul npring 
which mingled with it. Certain Osciiiatoi-itu were aUo di»- 
covered in water ^o hot as to scald the hand. Unfortunately no 
exact record of temperature could lie made, as no thenno meters 
were at hand which registered sufKciently high^* A peculiar 
^ififtance of the consistence of Indiaruhber waj? fomid floating 
on one of the hot^spring^* It bunit like the sub^tLince wluch 
it counterfeited, and in doing so emitted a similar ^Tnelb It 
reisemhledj t.oo, as far as Mr, Moseley could remember, a pecu- 
liar elastic snhstance, a specimen of which is in the Kew her- 
barium among the lichens tbund upon the shoi-es of an Austra- 
Han lake» By some it has been held to be a mineral, and oti 
this assumption some specimens are under Professor Maskelyne's 
care^ in the British Museum. 

The Chalkng^r left the Azores for the Cape de Verde Islands 
on Wednesday, July 9. The Island of 8t, Vincent, one of the 
principal of the group, was visited. It has a flat central tract 
•tuTounded by high land, the former part being evidently the 
bottom of an ancient crater. The abundant plant is L*iva}ylula 
ivtuiuliftJuu The tomato (introduced) has run wild every- 

ere. At the time of the visit there had been no rain for a 

far, but the island is said to become green after rain as if by 
magic« The rix^ks about tide-mark are covered with a liand of 
incrustation comprised of calcareous algjp. This incrustation is 
of several colours, white, pink, or cream-colour* 

At St, Faurs Rocks, as at St. Vincent^ there is a pinkifth in- 
CTUfitation about tide-mark upon the rocks.t A green alga, 
which is constantly l>eing loosened by the surf from the bottom, 
and floats upon the surface, is gathered by the *^ noddies "' 
it'i stolkla) for building their nestn, but is not used by the 
jhit?s " (iStt/a fusca)^ A few bushels of guano are to be 
found in rock-hollows^ which is almost wholly soluble in nitric 
«:id ; but no diatoms — which abound in Peruvian guano — are 



• For eorae remarks hy Mr. Archer on these algse, &c. , see " Joum. Liaa, 
8oc. Botany/' vol. :tiv. f. ,326. 

t Dnnrii], in hiii ** Natural Ut'a Vi^yape," mentions that there i* a «imtlar 
lamtafatioD oa the C'mst of A'Cenjiion, Fesemblinjf certain cryptojjamtc 
fhmu { Marthmitiie) often aeeii ou damp walb. Of this he give«i a beautiful 
woodcut 
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to be found in the residtie. St. PauFs Rocks are detached mi- 
niature islands about 1* N* of t!ie equator, and having a longi- 
tude of 29^ 15^ W*, aod are 300 miles from the nearest point 
of South Amedea, lyings about midway l»etween that and the 
African coast. The rock approaches serpentine in structurej 
Kot a trace of land veg^eUtion, not even a lichen, is to be found 
here, " It is a remarkable fact," says Darwin, '^ that all 
the many small islands, lyin^ far from any continent, in th^^ 
Pacific, Indian, and Atlantic oceans, with the exception of theS 
Seychelles and this little point of rock, are^ I believe, composed ' 
either of coral or of erupted matter." * 

On Aug- 22, St. Vincent's Island was left by the Ckalkufjfst 
for Babia, to make her fourth section across the Atlantic- Babia^ 
was reached on Sept. 15, after a successful hut stormy voyage- 
Kern ando de Norouija was stopped at, ca rmite for Bahia, Sept. 
1st and 2nd being spent here. The entire length of the whole 
chain of islands is about seven jreographical miles, the grou| 
being situated in 3'^ 50' S* lat„ and being distant from CapeSt,| 
fioque, the nearest point in South America, more than 2i 
miles. On the main island there is a rf*markali!e column of 
*' phonolite," or clinkstone, more than 1,000 feet high, called 
** The Peak.'* The island is volcanic. The Cape gooseberry 
and the castor-oil plant j^frow wild here. The plant mentioned 
by Darwin as covered witli fine phik Howers, but without a single 
leaf, is a euphorbiaceous plant — Jatrophfi gomyplfolia^ Linn. 
^' It^ bare stem," remarks Mr. Moseley, " and branches render it 
a striking object amongst the green of the creepers when the| 
forest is viewed from the sea." The flora is not very rich 
species, and the same planta occur everywhere. There are neithet 
ferns nor mostjes, nor liverworts, though moist and shady places 
are not wanting, and lichens are very scarce. Mr, Darwin ob- 
serves that the volcanic island of Fernando de Noronha-^ placed " 
in many respects under nearly similar conditions, is the only 
other country where he has seen a vegetation at all like that o^ 
the Galapagos islands^ 

After a stay of a little more than a week at Bahia the On 
lengcr left for the t.*ape of Good Hope, touching at Triitattl 
d'Acunha on the way thither, This group of islands has ai 
area of about sixteen square miles, altliough stated by Gri^ebach 
( Vef/etation der Erde) to be only two square miles in extent, 
plant resembling a chrysanthemum — Cltenopodmm tomenhnut 
— with strong-scented leaves, is used by the inhabitants, a de 
coction of it, under the name of " tea,'* being drunk with miH 
and sugar. It grows abundantly on Inaccessible lisland, whicl 
is distant about 23 miles from Tristan, Inaccessible Island ii 



Barwin^i " Naturalist a Vojage.*' 



t Ibid. 
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covered with " tussock " grass {Spartina anundina^ea ?) which 
fonns an enormous penguin " rookery," being so thick as almost 
to be impenetrable. This grass has a habit, like that of the 
Falkland Islands (Dactylia cai8pito8a\ of growing to five or six 
feet, springing in tufts, and forming massive boles or clumps 
at its base, composed of contorted root-fibres matted together. 
These are so tough as to require an axe to cut them. The grass 
thrives best where it is saturated with penguin dung. Tlie close 
similarity of the three islands of the Tristan group points to a 
former close connexion. The presence of many plants here may 
be accounted for by the existence of a Cape Horn current which 
comes sweeping up to the islands. Part, too, of the Brazilian 
current, which turns from the coast of South America, brings 
many seeds, which, however, being tropical, do not germinate. 
These are known to the settlers as " sea-beans," from the belief 
that they grow at the bottom of the neighbouring sea. One of 
these is the bean of a leguminous tree common at Bahia, while 
another is identical with a seed cast up upon the Bermudas, 
which, under the same name, is worn as a " curiosity " on watch- 
chains. The thrush and bunting, the only strictly land birds 
which inhabit the islands,* feeding, as they do, upon berries, 
have also assisted in spreading plants from one island of the 
group to another. 

By trie time that the month of November had come round the 
Challenger had arrived at Simon's Bay, Cape of Good Hope. 
After a stay of about six weeks here the journey was resumed 
southward, t Prince Edward's Island being the first halting- 
place, though no landing could unfortunately be effected here. 
After leaving the Cape dredgings were taken a little to the 
southward at depths of from 100 to 150 fathoms. The animal 
life was foimd to be abundant, the fauna being generally like 
that of the North Atlantic, many species even being identical 
with those on the coasts of J^ritain and Norway. From two 
dredgings between Prince Edward's Island and the Crozets at 
depths of 1,375 and 1,600 fathoms, it was further demonstrated 
that here, in the south of the Indian Ocean, we have principally 
to do with the same deep sea fauna as the Atlantic Ocean pre- 
sents. From the station between the above two groups an 
Ostracod was obtained in comparison with which all pre\Tiou8 
ones are pigmies, its shell having a length of 25 millimetres 
and a height of 16 millimetres. It is said that one of a 

* A coot, according to Darwio (" Naturalist's Voyage "), is also to be found 
here; from which he deduces that ^^the waders, after the innumerable 
web-footed species^ are generally the first colonists of small isolated islands.^' 

t I have not succeeded, despite of some pains to ascertain them, in find- 
ing out the exact dates of the arrival at and departure from the Cape. 
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smaller size^ Cyfhermu Baltlcaf exists in tlie transitional mou^ 
tain ranges of Gothland.* From this and other similar ca&e 
it is suggested that at great depths gigantic forms of g^| 
nera and families have been preserved which never att-ain siicli i 
size at the surface and id shallow waters^f 

At Marion Island a halt was made, and ]\Ir. Moselej had a 
day at his disposal for collt?cting plantis* The flora wa^ found 
to be very similar to tlmt of Kerguelen's Island, but was poorer 
in species,} No landing was made at the Crozeta. On Jan. 7 
1874, the Okfdlenger arrived at Kerguelen's Island, and re 
mained in the neighbourhood till Feb. 1. Here only two plant 
were found new to the flora, vi^, a CeraHtiiitn and an Ihiclum 
Jiarge collections were made of the famed Kergneleu's Laoc 
cabbage (Pringlea antwcorhulim^ Hooker), and of Lyallii 
K&pgwden8i8,^ From observations on Kerguelen's Island and 
elsewhere it ia concluded that the higher forms of crustacea are 
almost entirely absent on the chores of the Antarctic islands, 
while in deep water here (as has been already witnessed at 3C 
fathoms) they are prt^^ent in almost the same abundance as 
the tropics. It is al^o eonelnded that the characterij^tic crustacea 
of the surface-water fauna of the Antarctic islands belong t^:» tl 
hopotla and Amphipoda*^ that is, to forms which carry the ovi 
in pouches np to their full period of developnient. As the Ecbi4 
nwlermata, too, show, aa has been observed by Professor Wyvi Ik 
Thomson, an unusual number of species^ in which the young de- 
velope direct in the maternal pouch, conditions must exist which 
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• Second letter from Dr. Stihra to Professor Siebold| dated Sydney, April 
1H74, '\Sieboid wid Kolliker^ ZdUchr/^ Bd. 3txiv. 

t For iiiHtftnee, the Tretident of llio Linn$ean Society Teceived fipon 
Professor Wyville Thomson n druwing of a s|H*einieii of a Gymiiobliigt] 
Hydroid ''of such colossftl dimeiiisions that the Iwrgeal fonii hitherto kno^ 
daks m comparison with it into uUer inslgnitit^auce,** It was brought u| 
by the trawl on June 17, 187*^, in the North pRcific^ troni a deptli of 2,^7| 
fHtboms. Til© " Hydrftnih *' wr^ f> iacliee across Irom tip to tip of tlie ^t 
panded (oon-re tractile) tentacles, and the ** nrdrocauliia ^ was 7 ft 9 J 
high I " That the enormoua depthi*,'* reinarkB Mr, Allman» ** from whtc 
thia colossal Hydroid hm been brou|?ht up ahould favour the d^velopine 
of gipntic repregenta tires of the diTninutive forms of aballower leoncsj i 
that in the tenants of these sunless regions of the sea we should lind colon 
not less TiTid than those of their Ugbt-loviog relatire^ are factfl ftiU 
Bignificjtnce/* See " Nature/* voL xU, p. 555, 

} ** Jonm. Linn. Soc, Botany/' vol xlv. p. 587. 

f Tb*> fauna and flora of this island have akoheea described lately by Ui^ 
nfttiiralifit attached to the Venus Transit Expedition* See *• First Ueport « 
the Natnraliflt attached lo the Tranilt of Venus E?cpedition to KeT^u«'len'd 
Island, Dt^c* 1874,'' by the Rev, A* E. Eaton* ** Tfoc* Hoyal Soc^' to 



IN THE WAKE OP THE "CHALLENGER." 19 

are unfavourable to a free-swimming stage of development."^ 
Corinthian Bay, in Yong Island, of the Heard group, was reached 
on the evening of Feb. 6, but, unfortunately, a change of 
weather prevented a stay here of more than two hoiu-s. " Nu- 
merous glaciers come right down to the shore. The vegetation 
is most scanty, most of the land surface not covered with ice 
being bare." Only five flowering plants, apparently of the same 
species as at Kerguelen — among them a much-dwarfed Pringlea 
and one or two mosses, and a liverwort — were found.f 

From deep soundings (1,375 to 1,900 fathoms) taken before 
reaching the Crozets the bottom was found to be composed en- 
tirely of Orbulina and Globigerina dead, and of the same species 
as those on the surface. Some Coccoliths and Rhabdoliths were 
also found. Samples of these sea-bottoms were of the purest 
carbonate of lime yet obtained ; and when placed in a bottle 
and shaken up with water they looked like a quantity of sago. 
South of Heard Islands the bottom, as shown by soundings at 
1,260 fathoms, was quite different, " being one mass of diatoms." 
The most southerly station was reached on Feb. 14, being in 
lat 65** 42^ S., and long. 79® 49' E. — just outside of the Antarctic 
circle, the « threshold " of which is at 66"" 32' S. On Feb. 24, 
in trying to get under the lee of an iceberg, the Challenger was 
brought by a strong cm*rent into collision with it, and had her 
jib-boom carried away. At this time the ship was really in 
some danger from the numerous icebergs. On the following day 
the ChaUenger was within 15 miles of the position of the so- 
called " Termination Land " laid down on a chart sent by Lieut. 
Wilks to Capt. Ross. As no signs of it were to be seen it was 
concluded that its existence was mythicaLJ Laboratory work in 
the southern latitude was very unpleasant, the microscopes and 
other instniments being so cold that it was an3rthing but agree- 
able to handle them, in rooms in which the temperature averaged 
25® F. for several days. Dredging, too, was a critical operation, 
as the gear, becoming stiffened, was liable to part. Berg and 
floe ice were examined, and were found to contain the usual dia- 
toms. In 48° 18' S. lat. the fauna was already fully that of 
warmer zones. The Indo-Australian current therefore extends 
farther southwards than had hitherto been expected. Indeed, 
certain surface-animals of the warm Indian current from the 
N.W. were observed as soon as 50° 15' lat. S. was reach ed.§ 

• Von WiUemoes-Suhra.— " Proc. Royal Soc." vol. xxiii. p. 351. 

t Moeelej. Ibid. 

X "The Antarctic. A letter from H.M.S. ChaOsnger." By Prof. Wyville 
Thomson, in "Good Words," July 1875. See also a communication " On 
DiedgingB and Deep-sea Soundings in the South Atlantic, in a Letter to 
Admiral Richards, C.B., F.R.S."— " Proc. Royal Soc." vol. xxii. p. 427. 

§ Von Willemoes-Suhm. Ibid. 
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Oo March 17 the CAtt?/**??/7<?r anchored near i^Ielljounje, Tli 
next point reache*! after Australia was Ntnv ZealaDct, Afti 
leaving Port Nicholgon, on July 7, the ship proceeded alon 
the easteni coast nf Xew Zealand^ and on the evening of tlij 
19rfi arrived at Tongatabii, <)n the 22nd the CkaUenger Mi 
and on the 24th anchored off Matukii Island, in the Fiji group 
Here a most valuable ^^ take ^ was made in the shape of a living 
specimen of the pearly nautilus {If^autilus pompiiiiis\ which 
came up in the trawl from tlie depth of 300 fathoms. It was 
kept alive in a tub ior sometime, in order that its habits might 
be watched* According to Dr. Wiltemoes-Snhra it m verjflfl 
common in shallow water, and the natives capture it upon tb^H 
reefs with baskets made np for the purpose* Like the turtle it 
is a dish, but so choice that the chiefs alone are allowed to iu^ 
dulge in it.* Among the remarkable pelagic animals capture^ 
was a naked petropodj in which the '" ptera,'' or wingg, wi 
completely absent, their places lH.nng supplied by two lar^ 
conical processes, each of which carried a large black eye 
the tip. It is probably the PeUigia alha^ incompletely describe* 
by Quoy and Gairaard. N^r the Kermadek It*Ies the Pyroso- 
mata were so abundant that t!ie sea resembled ** a dark carpet 
covered with large luminous balkions/' 

On July 28 tlie Challenger arrived at Levuka, the capital of 

the Fiji Islands, having touched at Kandaiii, and on Augu? 

3 returned to the latter place, remaining there till th 

10th. In this region the impression was confirmed thai 

'' while species difler in different localities, and diffcren 

generic types are from time to time introdneeds the general 

character of the fauna is everywhere very much the same/ 

Api, one of the least known of the Ko^v Hebrides group, wa« 

tlie next halting-place, tlie Challmiger arriving at the edge of 

the reef on August 18. The inliahitants — who were almost 

entirely naked, of forbidding couutcuance, and armed mth 

clubs, spears^ and poisoned arrows— were mistrustful, and did^ 

not encourage intercourse. Large ships scarcely ever touch 

here, and next to nothing in literature of this island is known. 

Empty beer bottles, it is said, are the favourite articles of 

barter with the natives* Raine Island, wliieli was reached on 

August 31, was the next place of halt. The ship had been 

accompanied by Mother Carey's chickens ever since leaving Api, 

hut a search for their nests on Kaine Island was unsucceg^tul. 

This island has been well described by Jukes in his ** Voyaga 

of H.!M.S. Hy." A land crab {Oeypoda}^ like the Grapnus on 



• Letter ta Professor SicMd, djit«d Cape York, Sept 1674. Ibid,, J^^, 
"^wille TboQiAoo, ** Nature/' tol. xi. 
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the rocks of St. Paul, is abundant in the sand-dunes which are 
the ramparts of the island, and preys upon the young and eggs 
of the sea-swallows which swarm here. The same dead turtle 
was, it is believed, actually seen which Jukes describes as being 
in a position as though attempting to scale the rocks. The 
breeding-place of the frigate-bird was found in the middle of 
the island ; but it is not quite certain whether this bird is the 
Fregatta aqnila (Finsch and Hartlaub) or F. minor. The 
tropic bird (Phxieton phoenicurus) here breeds in holes on the 
groimd, while in the Bermudas its breeding-place is in holes in 
perpendicular cliffs. 

Port Albany, Cape York, was reached on Sept. 1. A 
number of Australian birds, among them Megapodiusj were 
fomid by Mr. Moseley in " Booby Island," which is now no 
longer uied as a post-oflBce, as the steamers touch at Somerset. 
The most interesting among the birds of North Australia is the 
Australian Bird of Paradise {PtUomis niagnifica). The land- 
scape, owing to the grey green of the Exicalyptua^ is monotonous 
in comparison with the rich green foliage of the Polynesian 
islands. Termites are very abundant; their mounds being 
twelve feet high. The queen is not so large as that of the 
West Indian kind, and did not inhabit any particidar royal 
boudoir, but was to be found here and there in one of the 
corridors. Of the aborigines only fifteen were alive — " the rest 
of the members of the stock, who once lived at Cape York, 
have all been quieted (pacificirt) to death." * 

On Sept. 8 the Challenger left Somerset and arrived at 
DobbOjt an important trading town in the island of Wamma, 
one of the Am Islands, on the IGth. From Dobbo the ship 
proceeded to the Ke group, then to the island of Banda, and 
afterwards to Amboina, which was reached on October 4. 
From Amboina the voyage was resumed as far as Ternate, 
theoce into the Celebes sea. On the 26th the Challenger pro- 
ceeded into the Sulu sea, and reached Manila, via the •' Eastern 
passage,^' on Nov. 4. A great prize, in the shape of a speci- 
men of the cephalopod Spirula^ was found in the trawl off 
the coast of Banda, in the Moluccas, which had evidently 
passed through the digestive tract of some large fifh, probably 
a Ma^ruTiia. It is probable that the animal lives in a medium 
depth of from 300 to 400 fathoms. This is the fourth 
specimen which has been obtained. J An Amphioxus was found 

• Vide a letter from Von Willemoes-Suhm to Professor Siebold (Ibid. Bd. 
xxvi.), dated Yokohama, Japan, May 1875. 

t A picture of this town, as it appears in the trading season, is given in 
Wallace's "Malay Archipela;:o,*' vol. ii. 

X Von Willemoes-Suhm. Ibid. The history of the other three specimens 
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in the shallow Am sea, as well as in the shallow water by Cape 
York. Commander Chimmo's obcservations. made in and aromid 
the Malay Archipelago, were in the main confirmed. It 
appears that there is a singular ^ucces^ion of marine basins 
which are cut oflF bv barriers of varying height from com- 
munication with the ocean. From Api to Raine Island the 
Challenfjer had passed through a breach in the great barrier 
reef, not far from the entrance of Torres Strait. A sea was then 
traversefl for an extent of 1,400 miles, ha\ing a bottom of red 
clay, and which was included within a broken barrier consisting 
of Au-stralia to the west, the I^uisiade Archipelago, Solomon 
Islands, and a small part of New Guinea to the north, the New 
Hebrides to the east, and Xew Caledonia and a line of reefs 
connecting this with Australia, to the south. This, the 
" Melanesian St^a," Iiad no free communication with the outer 
ocean to a greater depth than 1,300 fathoms. In the Aiafura 
Sea, between Somerset Island and the Aru isbnds, there is 
no greater depth than 50 fathoms — the average being from 25 
to 30 fathoms ; with a bottom of greenish mud, due to the 
great rivers of New Guinea. The i3auda Sea — 900 fathoms 
l)eing the lowest limit of the barrier enclosing it — has for its 
boundaries Talialx), Burn, and Ceram on the north, on the east 
the Aru islands, Timor and Serwatty islands on the south, and 
Celebes and the shoals of the Hores Seas on the west. The 
Molucca Passage communicates freely witli the outer ocean, 
and also, by a passage of 700 fathoms depth, with the Celebes 
Sea. The Sulu Sea was the fourth of the series of marine 
Ijasins through which the ChaUen(jer passed in succession from 
Api to iManila.* 

Tlie ship arrived at Hong-Kong from Manila on Nov. 16. 
Here Captain Nares received a message recalling liim home, 
an<l giving him the command of the Arctic Expedition, his 
place being filled by the appointment of Captain Thomson, who 
was at that time in command of H.M.S. Mod^te^ on the China 
station. After a thorough retit the CkcUUnger again put to 
sea on Jan. 6, 1875, and passing along the west coast of 
Luzon, anchored off Manila on Jan. 11. On the 8th, 
being in the centre of the China Sea, serial temperatures at 
every 50 fathoms to 400 fathoms, and every 100 fathoms to 
1, ()()() fatlioins were taken. At 900 fathoms the temperature 
was 30% and this was maintained to the bottom — 2,100 

arc iiH follows: — 1. Sent to Englaud from New Zealand by Mr. Earl, and 
figured by Mrs. (Jray. 2. Sent to France by l¥ron, and described by De 
Blainvillo. .'). Found on the Burfaco of the Sulu Sea, on the voyage of 
H.M.S. i^tmaiant/^ and described by Professor Owen, 
t "Nulure/* vol. xi. p. 288. 
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&tboms. ThiR mainly agreed with results obtained by Com- 
mander Chimmo, tending to prove that the China Sea is cut off 
from the Antarctic basin by a submarine rampart, the top of 
which is between 800 and 900 fathoms beneath the surface. 

The news which the Challenger brought, that Prince Alfonso 
had been chosen king by the Spanish people, created but little 
interest at Manila, the form of Government being indifferent to 
the officials there so long as they were allowed to retain their 
posts. On the 11 th the ship left Manila, and after passing through 
the San Bernardino Strait, and the narrows among the islands, 
anchored off the island of Zebu on the 18th. This was chosen 
as a halting-place in order that specimens of the lovely Euplec- 
tMa might be obtained. These sponges, called " regarderas " by 
the Spaniards, seem to be very local, being all obtained from one 
spot off the island of Mactan, close to Zebu. They are found 
at a depth of 100 fathoms, and are fished for by the natives by 
means of a most ingenious kind of dredge made of two slips of 
bamboo meeting at an angle and armed with large hooks, which 
is dragged slowly over the mud. The investing layer of sarcode 
was not so thick as would be expected, scarcely masking the form 
of the delicate architecture of the spicules, being thus not nearly 
so spongy as another species of the same genus dredged off the 
coast of Portugal.* Coal is found in Zebu, and, if labour could 
be found, would supply the whole Archipelago. On the 25th 
the volcanic island of Camiguin was visited, the capital of 
which, Catarman, was entirely destroyed by a volcano which 
sprung up close to it on May 1, 1871. Since then the earth- 
quakes, which were once frequent, have ceased, and the mountain 
has increased to a height of 2,000 feet. A sounding was ob- 
tained close to the island in 185 fathoms, and the bottom tem- 
perature obtained — 57° — shows that the volcano did not affect 
the temperature of the sea. On Feb. 22 the Challenger, 
having, after leaving Zebu, coaled at Malinipa Island, an- 
chored in Humboldt Bay,t New Guinea. " That there is a great 
future for this vast island," well observes Capt. Davis, "there can 
be no doubt, situated as it is so near our own colonies in Aus- 
tralia, and producing so much ; for that this country, with its 
accessible sea coast, should remain unproductive, as far as the 
great family of man is concerned, and entirely closed to com- 
merce, is an anomaly in this nineteenth century that cannot 
well be understood." t No exploration was made of any part of 
New Guinea, because of the doubtful attitude of the inhabitants. 

• " Geographical Magazine,*' J)ec. 187o, p. 359 j and a letter in the 
"Tunes^of April 30, 1875. 
t Visited by Capt. D'Urville, in the Astrolabe, in 18i>7. 
X ^* Qeographical Magazine/' loc. cit. 
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On March Z the ship arrived at Admiralty Island, and a bay 
on the north-weat coast was carefully survey&d, and called Nares' 
Bay, after the late captain. The natives seemed to be superior 
in every respect to those of Humboldt Bay, and traded with 
great eagerness. 

On March 23, nearly mi r I way between the most south- 
ward of the Ladrones and the north-easternmost of the Pellew 
group^ in lat, ll°23VN-and loug, 143°17' E., the two deepest 
soundings on reeord were made, being 4,575 aud 4,475 
fathoms, the bottom being red clay. The pressure, how- 
ever, was 80 great, being five or six tons to the scjuare 
inch, that three out of four Miller-Casella thermometers suc- 
cumbed. One, however, fortunately returned in safety, registej*- 
ing a temperature (corrected for pressure) of 34''5, so that at 
that spot there is a layer of water of that imiform temperature 
for 3,075 fathoms. As a proof how perpendicular the sinkers 
descended, particles of the mercary from the broken thermo- 
meters were found embedded in the red clay brought up on the 
tube, A somewhat deeper sounding, viz, of 4,643 and 4,655 
fathoms, is said to have been abtained by the United States ves- 
sel Tuscarara off the east coast of Japan, but the corroborative 
evidence of a bottom Rpecimen was not obtained* On April 
11 the expedition reached Yokohama, On June 16 the 
Chalhng^r left Yokohama, and, after having worked out twenty- 
four stations in an easterly direction, took a southward 
course, and reached Honolulu, in the Sandwich group, on July 
27. From June 17 up to July 24 the ship was fcdiowed by 
aihatrosses, varying in number from fourteen to twenty daily. 
On July 2 a new species of Hj/alanema came up in the trawl, 
which was remarkable for the absence of the zoophyte Pahjthoa^ 
which usLially lives as a **^commensar' in company with this 
kind of sponge. The bottom throughout this portion nf tlie 
cruii?e consisted of ^*red clay,'' On the evening of July 27 
the Challmigtr anchored in the harbour of Honoluhi. 

On the voyage from Hawaii (where the Chaliewjer was in 
August) to Tahiti, the scientific staff of the &hip sustained a 
most severe loss in the death, on Sept, 13, from erysipelas, of 
Dr. von Willemoes-8uhm, Of him Professor W'y ville Thomson 
says that he was '* perfectly certain, hiid he lived, to have 
achieved a distinguished position in his profession, and I look 
upon his untimely death as a serious loss, not only to the expe- 
dition in which he took so important a part, but also to the 
yoimger generation of scientific men, among whom he was 
feteiidily preparing himself to become a leader/' * 

The last news received from the Challengm" is to the effect 
that the ship had safely arrived on Nov. 19 at A'alparaiso* 

1^ * " Xatiii^/' I)wc. % lS7a ^ 
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There is, unfortunately, only space for the barest rSsunU of the 
new fiBLcts in zoology and physics established during the voyage. 
With regard to land-crabs, it had been previously asserted by 
Bell, contrary to the supposition of Vaughan Thompson, that 
the yoimg of these crustaceans, like those of Astacua fiuvia- 
tilis^ have the same form as their parents on first coming into 
the world. Now Dr. Suhm, on examining a string of " berry- 
like pedunculated eggs " of a land-crab belonging to the genus 
Cardisoma (species doubtful), caught in the bay of Porto Praya 
(Island of San Jago), found some containing young ones 
which " were riot like their mother, but Zoeas." The Zoea of 
Cardisoma leaves the eggs in a somewhat more advanced state 
than that of Cardnua moenaa^ representing a middle stage be- 
tween the larva of the latter which has just left the egg and the 
one after its first moult (see figs, by Spence Bate in ''Phil. Trans." 
1858, PL xL). It is probable that the Zoeas leave the mother, 
and lead a pelsegic life until they have undergone all their me- 
tamorphoses.* At the Cape of Good Hope Mr. Moseley suc- 
ceeded in obtaining thirty specimens of Pertpatus capenais, 
an animal whose exact position in the zoological scale has been 
hitherto somewhat doubtful. The most recent information con- 
cerning it has been given by Grube in the zoological series of 
the Navara expedition. Nearly all the specimens were found 
at Wynberg, between Simon's Bay and Cape Town. Pervpatus 
seems to be very local in distribution, affecting damp places, 
feeding on rotten willow-wood, aud being nocturnal in habit. 
When irritated it shoots out with great suddenness, from papillae 
about the mouth, a "viscid tenacious fluid, which forms a 
meshwork of fine threads." This is not irritant, but as sticky 
as bird-lime, so that flies are held fast by it. Professor Gegenbam- 
holds that the position of this animal among the worms is not 
certain, but that, at any rate, it connects ringed worms with 
Arthropods and flat worms. With this Mr. Moseley agrees ; 
adding, however, that it is probably an intermediate form link- 
ing the ringed and flat worms together with the '* tracheata," and 
may well be placed among Professor Haeckel's " Protracheata."f 
Mr. Gulliver, when with the Transit of Venus Expedition in 
1874, looked carefully for Peripatus on Eodriguez Island, but 
did not find any specimen. On June 15, 1875, halfway 
between Vries Island, Oosima, and Cape Sagami, there was 
found adhering to the trawl a specimen of a new family of 
Nemertines, for which Mr. Moseley proposes the name Pelago- 
neTTiertes RoUestoni, In the flattened form of its body, and in 



! • "Tranfl. Linn. Soc." 2nd series. Zoolopry, p. 40, and PI. XL tig. 1. 

V t"Proc. Roval Soc.'* vol. xxiii. p. 344, and '*Phil. Trans." vol. 1G4, 
p. 757, 1874. 
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cham'r^r^ miv >►• ?.ren to c-x.iir i^Tii'^illy tbroiiirh the pores of 
the sii'rli ziZi'l ?prea»i -yi: tiii::! :Lrj 1 -rm a irelatinous frintje 
or l^ird^r r viiid rbe ^helL nil:::;: up the sioc^rs among the roots 
of tlie-fiin*-- and ri^in.: ur» a little way ai-jOj: thrir length." 

(jf*:('jf-\t\ifrr*tr^ and KLaM<:>>fihfrc> live abundantly on the 
tiurfac^r, esp'-cially in the warmer sea>. If a bucket of water be 
allowed to rtand over night with a lew pieces of thread in it, 
many exarijple« will l^e found attached. Au unfailing supply, 
too, was found in the stomachs of ibVjL-T. From very numerous 
o(jH<;rvationR it may lie stated as an axiom, that whenever the 
depth increa^^fs from alxiut 2.2U0 to 2,600 fathoms the modem 
chalk formation of the Atlantic and of otlier oceans passes 
inUi a 'day — the '-red clay "' — through au intermediate stage, 
teriiK^d hy Prrifessor Wyville Thomson the ''grey ooze." 

r'fiijcerriing tliin red clay, which takes such an important 

• "Ann. find Mnjr. Nut. Hist." 4th series, March and Dec. 1875, and 
JM. XI. 

1 <hi luniif Ort/fttiinmn at Orettt Depths in the Atlanticy ** Quart Jouni. 
Mirr. Hriinn," OH. IWW, p. 210. 

t (hi I hi' yUnl Funrtumn of the Deep Sea l*rotozoa^ "Monthly Micr. Joum." 
.Inn. 1K(H», ]). :)H; nnd 0;i the True Nature of the stMMUed '* Bathyhiu»:* 

" Ann. Maif. Nat. Hist." Nor. 1875, p. ]2i>. 
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share in forming the floor of the ocean, there seems to be no 
doubt, according to Professor Wyville Thomson, that it "is 
essentially the insoluble residue, the cwA, as it were, of the 
calcareous organisms which form the GlobigeHna ooze ; " after 
the carbonate of lime, which forms about 98 per cent, of this 
ooze, has been by some means removed. A sample of such 
ooze was washed by Mr. Buchanan, and subjected to the action 
of a Tery dilute acid, and he found that there remained, after 
the carbonate of lime had been removed, about one per cent, 
of a reddish mud, consisting of silica, alumina, and red oxide 
of iron. Now, as all sea-water contaiuH a certain proportion 
of free carbonic acid, which is greatest at the greatest depths,* 
it is very probable that this is the agent by which the solution 
of calcareous matter has been brought about. It is evident, 
then, that day, which has hitherto been regarded as essentially 
the product of the disintegration of older rocks, may, under 
certain circumstances, be an organic formation, like chalk.f 
Professor Wyville Thomson, having formerly held the contrary, 
has been at length led to believe, from the results of Mr. 
Murray's explorations of the surface and sub-surface water, that 
the Globigerince pass their whole lives in the superjacent water, 
only subsiding to the bottom when they are dead. Dr. Car- 
penter believes that "the truth lies between two extreme 
views," and that the animals sink to the bottom whilst yet 
livingj in consequence of the increasing thickness of their 
shells, and not only continue to live on the sea-bed, but also to 
multiply there.( 

Mr. Buchanan made some observations on sea-water ice, 
which is knovm, when melted, to be imfit to drink. Fragments 
of pack-ice, and also of some ice which bad formed in a bucket 
of sea-water on board, were submitted to various tests, and it 
was found that the salt is not contained in it only in the form 
of mechanically enclosed brine, but exists in the solid form, 
either as a single crystalline substance or as a mixture of ice 
and salt-crystals. The sea-water ice which had crystallised in 
hexagonal planes, as common salt does when separating from 
solutions at temperatures below 0° C, may possibly have some 
analogy to the isomorplious mixture occm-ring amongst 
minerals. § 

• There ie, moreover, according to Mr. Sorby, an increase of solvent power 
for carbonate of lime possessed by water under greatly augmented pressure. 

t See Preliminary Notes on the Nature of the Sea Bottom procured by the 
Somdinys of H.M S. Challenger, during her Cruise in the Southern Sea, in 
tk$ early part of the year 1874. — "Proc. Royal Soc." vol. xxiii. pp. 44, 
itmq, 

X Bemarks on the preceding paper. — Ibid. p. 234. 

$ Some Observations on Sea- Water Ice. "Proc. Royal Soc." vol, xxiL 
p. 431. 
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For a most able resume of the fresh facts establisfied 
expedition ou which the Chulhnger was despatched the writei 
ig indebted to a lecture delivered by Professor Htixley at the 
Royal Institution.* The existence of a fine clay in the deeper 
parts of the Mediterran^ had been already known, but na 
one suBpected the exiBteBce of deposits of barren clay m th€ 
middle of the great calcareo-silicious zone in the open oceait.^ 
The dredgingfi of the Vhidhuffer have further established that 
certain ocean-valleys contain thick deposits of finely divided^ 
*' red clay,'' the nature of whicli has been already descril>edt 
e,g. between Teneriffe and St, Thotnas, at the depth of abouil 
3,000 feet. If it be, as Profesior Wyville Thomson siigge6t%1 
that the deposits of ^* red clay '' represent remains of myriadsl 
of marine organisins, not only silicious and caleareoits, but alsoj 
argillaceon.^ deposits may be formed by long-continued vital 
agency. Further, it follows that rocks of almost any mineral"' 
composition may be indirectly or directly generated by living 
organisms. It is certain that. — 

{a) Beyond certain depths the calcareous organisms which 
must fall over the area ciivered by the ocean disappear, and 
their place is taken by a fine red clay. 

(6) WTieo ordinary ffioftij^emift ooze has its calcareous matter^ 
removed, a residue of fine red clay remains. 

Supposing that the earth were covered imiformly with wat 
to a depth of 2,000 fathoms (or about two miles), the merely | 
tidal and current movements already existing would be insufii-J 
cient to cause any important degradation of the cru^ so that 
there would scarcely be any sedimentary deposits. Lot, then,' 
Diatoms, Foraminifera^ Rmliolana^ and Sponges be intro- 
duced ; there would then be fornunl the silieiou^ Pole-caps, and 
the intermediate fsone, which might accumulate till beds of_ 
chalk were formed many thousand feet in thickness. The 
chalk might next be converted iiit/> limeslone, and so all traceaj 
of its origin would be effaced. Next, let parts of the area Ixsl 
depressed to 1,800 feet smd other parts be raised to witliin 1,0001 
feet J then, judging by what we now know, the former mightl 
be replaced by red clay and the latter by greensand."]" The 
clay might be metamorphosed into shales, ilates, &c., and thti. 
green sand into minerals into the composition of which sillcn 
alumina, iron, and potash enter ; so that the iraaginary worldj 
would be covered with rocks all due to an organic origin, but of 



* On the J^ecmf Woi'k of tJte Challmffer E^rptflUmtt tmd itv Batrijte^i m 
OmkH/imi Pruhltms. Friday evtsninju*', Jfln. 29, 187^,—-** Troc, Hoynl ItmL** 
vul vii. pnrt 5 (Nn. Ol'), Ai*ril 1875. 

t A modern ^vmmmA in eouwo of fannalioii wus foutid by ProfasBor 
iTyvilk Tbamtttiu iq IJjl^ i-fgioa of the Agulbas current. 
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which all traces were obliterated. The application of this 
hyjwthesis might reconcile the discrepancy between biological 
theory and geological fact. 

1. There is evidence that the present species of animals and 
plants have arisen by gradual modification of pre-existing 
species. 

2. There is also evidence that, geologically speaking, this 
proeess has extended over a longer period than that of the 
fossiliferous rocks. 

3. Nevertheless, beneath the latter there lies a great thick- 
ness of formations almost entirely azoic. 

Such researches consequently lend support to the views of 
those geologists who find the explanation of the past history of 
the earth in the present operations of Nature — views held half 
a century ago by Sir H. de la Beche, and developed by Sir C. 
Lyell, the able supporter of the Uniformitarianism enunciated 
by Hutton. 

Want of space and pressure of time permit of no more than 
a passing allusion to tlie interesting controversy which has been 
going on for several months between Dr. Carpenter and Mr. 
Croll, of the Scottish Geological Survey, on the subject of 
"The Crucial Test of the Challenger:"^ Mr. CroU's position 
seems to be that all the great movements of ocean-water, deep 
as well as superficial, depend upon the action of winds upon its 
sorface. Though admitting that the Polar water finds its way 
along the floor of the great ocean basin into the Equatorial 
area, he affirms that this is merely the reflux of the current 
which has been driven into the Polar basin by the agency of 
winds. Dr. Carpenter admits that the current movements of 
mrface-vfateT are, for the most part, produced by winds, but 
all these belong to a horizontal circulation which temls to 
complete itself ^ a surface indraught being produced when a 
surface outflow is kept up, but that the deep movements are 
the result of a vertical circulation^ maintained by the continu- 
ance of a disturbed equilibrium between Polar and Equatorial 
columns, occasioned by the surface action of Polar cold and 
Equatorial heat. It seems, too, that Dr. Carpenter's views as 
regards a vertical circulation are in accordance with the opinions 
of Emil Lenz, a physicist who accompanied Kotzebue in his 
second voyage of circumnavigation in 1823-26. As, however, 
the controversy does not yet appear to be at an end, and as the 
subject properly concerns a physicist, any expression of opinion 
on the part of the writer would be of but little value. 

* See ''Nature,'' vol. ix. p. 423, and other papers in the same periodical, 
swell as a series extending over several numbers of the ''Philosophical 
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It is to be hoped that, before the next number of this Review 
appears, we shall have welcomed back the victors with rejoicing, 
tempered, however, with sorrow that one out of this brave little 
band has been left behind in the lone ocean — a congenial 
resting-place, it may be, seeing that it was the scene of his late 
labours. " '^^Tiom the gods love, die young." 



EXPLANATIOX OF PLATE CXXIX.* 

'' Es giebt ein vollendetes organisches Leben im nnsichtbar kleinen Raume, 
welches die Orosse des Orossen in der Xatur unabsehbar erhebf — 'Ehren- 
berg, Die In/tisiaruthierchen" 1838. 

Fio. ] . GlMgerina, with the radiating procefses entire. From the Chal- 
lenger soundings. After PL I. vol. xriiL " Proc. Royal Soc." 
It is evident that when this figure was drawn the inveetiDg 
envelope of sarcode, mentioned by Professor Wyville Thorn?- 
sou in his letter to Professor Huxley ("Nature/' Aug. 19, 
1875), had not yet been discovered. 

Fig. 2. A " Cyatholith," from the Atlantic mud, magnified 1,200 
diameters. After fig. 4, c, t, PI. IV. *• Quart Joum. Micr. 
Sci./' New Series, 1808. 

Fig. 3. A ** Cyatholith," from the chalk of Sussex, magnified to a 
similar degree. Ibid. fig. 6, 6, c. 

Fio. 4. A cluster of " Coccospheres,'* of the loose type, about yJoth inch in 
diameter, from the Atlantic mud. Ibid. fig. 7, d, and p. 209. 

Figs. 6 and G. "Khabdospheres" (Murray), from the Challenger sound- 
ings. After figs. 3 and 4, PI. III. vol. xxiii. " Proc. Royal Soc." 

Fig. 7. " The new Diatom.'' Found a little to the North of the Heard 
Islands. Ibid. fig. 5. 



The woodcuts have been kindly lent by Messrs. Macmillan & Co. 
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WATER SUPPLY AND PUBLIC HEALTH. 

By W. TOPLEY, F.G.S., 
Assoc. Inst. C.E. Geological Survey op Enolaih) axd Wales. 



rthe year 1868 a Commission was appointed to inquire into 
the best means of preventing the pollution of rivers, with 
special reference to the disposal of sewage, to questions re- 
lating to water supply, and the public health generally. Five 
Reports have appeared during the last seven years ; these dealt 
with the pollution of certain selected rivers, the question of 
water supply being only incidentally referred to. In the sixth 
and final Report the Commissioners devote their attention 
exclusively to the " Domestic Water Supply of Great 
Britain." * 

The names of Dr. Frankland and Mr. J. C. Morton are suffi- 
cient guarantee for tlie accuracy of the information given in 
the Report. But in this complicated question names alone, 
however eminent, are not sufficient to stamp with unquestioned 
authority all opinions and inferences ; and we do not doubt 
that some conclusions contained in the Report will be stoutly 
denied by authorities equally eminent. That the work, so 
&r as dcUa are concerned, has been thoroughly done, will 
be evident from the fact that more than 2,000 analyses of water 
have been made. These have all been made on a definite 
plan, and are arranged as systematically as could conveniently 
be done. The Commissioners state that " water has been fol- 
lowed through the complete cycle of its migrations ; it has 
been caught as it descended from the clouds soon after its con- 
densation from colourless and invisible vapour, collected as it 
flowed in streams after washing the surfaces upon which it fell, 
examined after it had penetrated to various depths through 

• "Sixth Report of the Commissioners appointed in 1863 to inquire 
into the Pollution of Rivers." [By Dr. E. Frankland and J. C. Morton.] 
Folia Lond. 1874. Pp. xi. 626 ; Maps and Plans. (Although dated 1874, 
the Report was not issued till late in 1875.) 
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clifFerent geological strata, and finally it has been investigai 
aftei" it had become part of the great masa of the ocean-" 

The Kepoi-t is accompanied by four maps and several pj 
and diaf^ams- One map^ by Mr. C, J, Symons, shows the rai 
fall of the British Isles. Another is geological; tins is prepare^ 
by Mr. E, Best, chiefly from the maps of the Geological Surve; 

In 1867 a Iloyal (Commission was appointed to ioquire ini 
the qneiitioii of water supply, with especial reference to thi 
metropolis; this Commission issued its Report in 1869* T: 
two Commissions thus traversed to a great extent the sa] 
grou d, and their Reports will serve as a naine of infonnatloa^ 
on this subject for years to come. 

During 1844 and 1845 a series of Reports were issned on th 
" Health of Towns,'" which deserve to be better known thai 
they are ; but, uBfortnnately, it is often the fat« of *' bli 
book^ ^ to be forgotten soon after publication. These Repoi 
are worthy of attention even now for the topographical informal 
tion which they frequently contain j still naore are thej worth; 
of study as denoting the immense advance of sanitary measuri 
during the last thirty years. Bad as matters now are in man; 
large towns^ they were infinitely worse then ; and sanitar 
reformers may well take heart at the contrast- Water supply 
was then one of the naost important subjects which engaged th 
attention of the reporters. Recourse was subsequently ofte 
had to neighbouring rivers or strtiiams for a regular supply 
under efficient control, and for a time all went well* But thi 
towns increased in size, i^ystematic sewerage was iutroduci 
and the rivers were rapidly fouled. And now the problem oj 
how to supply pure water to many overcrowded towni is aga 
awaiting solution. 

But, in dealing with this question, it is important to bear i 
mind that the problem Is no longer limited to the larger to' 
and the great centres of industry. Here there are wealth am 
public spirit, and sooner or later such places will provide U 
themselves. BuU imless earefidly watched, such provision 
often made at the expense of smaller towns and villages. Oi 
great point in future legislation should he to secure an ud\ 
qitJite supply of water for entire districts, especially for thos 
situated within the drainage area from which the supply 
drawn. 

A study of a good geological map shows that the old villa^ 
settlements cluster aloDg wiiter-bearing strata ; generally the; 
are on or near the edge of porous beds, into which the rail 
partly sinks as it faUs^ to be again thrown out as springs a< 
the edge of an impervious bed. There were doubtless othel 
reasons for selecting these sites ; land which absorbs wat^r h; 
a dry soil, suited alike for dwellings and arable culture* in dayi 
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wlien dminiiag was unknown* The ueighbouring heavier lands 
were then generally thickly wooded. 

Many int-ereating questions are associated with this inquiry. 
We can oftan trace out the earliest settlements of a district 
aloDg the outcrops of certain strata yielding the best soil aod an 
abundant supply of water ; that they are the earliest settlemeats 
k evident from an examination of the relatione of their parish 
OiT towBihip hoimdaries to the neighbouring hill ranges, and 
sometimes also from a study of their names.* 

In the course of thirteen centuries many changes have been 
wrought on the physical featiues of the country. Forests have 
dl but disappeared from the plains and the hill slopes, fens and 
morasses have been drained* As a e on sequence partly of these 
changes many springs which once ran strongly now give but a 
short and iuconstant supply ; streams are lessened in flow, and 
are often nearly dried up in summer- The climate has become 
drier 5 but whether the actual amount of rainfall has diminished 
during this period, and if so how far this change id due to man's 
influence, are questions at present undecided, 

Chie result of modem agricultuial drainage has been to bring 
the rainwater quickly down into the brooks, and hence the 
riverf* have risen into flood more quickly than before. That 
the water does descend more quickly after rain tlian it did 
some years back, is a matter of comoion observation amongst 
mglers and farmers; they also remark that the rivers more 
npidly regain their ordinary level than they used to do. These 
obfen-ertL, in common with nearly all agricultural authors, 
explain these facts by the prevaleuce of draiuage, Mr. R, 
Hawlinson and the Rev, J, C. Clutterbuck^ however, deny this j f 
md the former states that the object of drainage being to carry 
the water down through the soil, the result must be to retard 
the ilow of water- 
But wliatever may be the result of imder-draining cultivated 
Uiid.^, there can be no doubt of the effect of trenching the 
upland pa-stures, moors, and peat bogs, amongst which most of 
m*r Dorthem rivers take their rise. Peat acts like a sponge in 
■Utorbing the rainfall : the surface of some bogs often rise 
R -iderably when diBtended by water, and at times when 

■i' .ued the surface bursts and considerable damage ensues- 

■But this is only the case with what are termed '^flowes" or 
Mkaking bogi^, which generally occur at low levels ; and it rarely 
r tuLppens with the peat bogs of hill districts. 

• I Imve diacu&aed this question in a pap«r " On tlie Relation *rf Uie 
L Fimli IkmndAriei in the South- Eaat of England to great Physical Fen- 
^fer«, particularly to the Chalk Escarpment."^** Joum* Anthrop* Iixet*" 
^oliii. p. 3^, 1873.) 
■ t Sae their kticra id tb© " Timw " for November 16 and 19^ 1875. 
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These high peat l>og^ art* reservoirs of water^ which th- 
collect in winter and yield gradually in summer* They gem 
tally lie at too high a level to be caltivated for graaa or com, 
but they are capable of some improvement as rough upland 
pasture. This improvement is often seciu*ed b}" deeply trenching 
the bogs in various directions ; the water then drains off, t' 
soil becomes drier and affords feed for sheep* Tliis protress 
krgely going on, and if continued will, in the course of only 
few years, make its results seriously felt an the ^nrnmer ai 
autimiD flow of the rivers in the north-east of England. Sui 
results will be less felt, indeed may be comparatively unimpoi 
tant., in most river« on the western side of the great cen 
watershed of Enf^laiid : for there the rainfall is much greater, 
the periods of drought are slioiter* But on the eastern aide 
the watershetl it is simply eriuivalent to destroying a large 
number of natural ^* compensation reservoirs," which at presei 
serve to diminish the winter tloods and to augment the siimm 
flow. The additional value conferred on the uninhabited upland 
moors is but small ; the loss to the populous cultivated low- 
lands is immense. 

The late floods have once more made evident the important 
of storing the surplus rainfall for summer use. This, witi 
more emliankments and fewer weirs, mil lessen the flo*: 
Home day probably all this will be done, but at enormoi 
expense. Meanwhile it might be well to see t<> the preservatii 
of those reservoirs which N'at are has herself provided. 

A supply of water and the disposal of sewage are two of tl 
most difficult problems of modern times ; whilst either, tak 
alone, would in many cases be comparatively eas^y. The readici 
mode of getting rid of sewage is to pom it into the nvers ani 
streams; but this fouls the natural source of wat.er suppl 
Pollution of rivers by such means will in time be largell 
checked ; we shall some day discover that sewage is too vahiabl 
to be thrown away» But even if the utilisation of &ewage i^houl 
not prove actually protitablej it will be found advantageous f 
spend public money on this, and thus to prevent the fouling 
rivers to the extent now practised and each year increafiinL 
By these and other meana the pollution of rivers may be greatl; 
reducedj but it can never be wholly prevented; and it is usele/ 
to look for a supply of water for drinking purposes from rive: 
which traverse manuiacturing or popidous districtj^, 

" Doctors dit^agree " in many things of great moment to tin 
public health, l»ut in none is this disagreement more to 
regretted than in questions relating to water supply. Compk 
accord as to opinions and inferences is not to be expected, bul 
we may certainly hope for more agreement as to facti;! and as 
mode in which these facts are published. Carefully prepared 



WATBB SUPPLY AND PUBUC HEALTH. 35 

official Beports on the quality of the metropolitan waters are 
frequently published by diflferent chemists, but they are made 
on different plans, and cannot be readily compared with each 
other. 

In old analyses of water the imperial gallon was taken as the 
standard measure, and the results were given in grains per 
gallon. As the gallon contains 70,000 grains of water, this is 
the same as giving parts per 70,000. In 1864 Dr. A. W. 
Hofinann, then of the Boyal School of Mines, was appointed to 
report on the metropolitan waters to the Registrar-General. 
He introduced the system of giving the results of analysis in 
parts per 100,000 — a system which has been continued by his 
successor, Dr. E. Frankland. The analyses for the River 
Pollution and Water Supply Commissions are given in this 
fcffm. The imperial gallon is, however, still retained by most 
chemists ; amongst others, by Dr. Letheby, Dr. Voelcker, and 
Professor Wanklyn.* 

This want of agreement is frequently a matter of great 
inconvenience. As regards the general constituents of water it 
is less so, because for detailed analyses the standard is generally 
stated. But where " hardness " alone is spoken of, it is often 
doubtfid which scale is used. This is a point of importance, 
because the term is in frequent use, and we often read of the 
hardness of certain waters when no other chemical facts regard- 
ing them is stated or perhaps known. 

Those who adhere to the gallon as the standard generally 
describe hardness by what is known as Dr. Clark's scale, which 
18 the same as grains per gallon ; a hardness of 7^ denoting seven 
grains of carbonate of lime or magnesia (or their equivalent as 
sulphates) in a gallon of water.f Dr. Frankland gives hardness 
in parts per 100,000; so that a hardness of 10® in his analysis 
is only equal to 7** in Clark's scale. In comparing this and 
other analytical details there is a simple rule: — to convert paiis 
per 100,000 into grains per gallon (or parts per 70,000), multi- 
jjy by 7 and divide by 10 ; to convert grains per gallon into 
parts per 100,000, multiply by 10 and divide by 7. 

Chemists are not unanimous as to the best means to be 

* PjrofefiBor Wapklyn also sometimes states his results in parts per million 
(or millegxammes per litre). A simple division by 10 converts this into 
0r. Franklaad's scale of parts per 100,000. 

t A further confu^on as regards hardness has been introduced by a 
£^t modification of Dr. Clark's method of expressing his result. Even 
Stilled water requires to dissolve some soap before a lather is produced ; 
the qoantitj required is about one grain to a gallon of water. This by some 
^aoDiftB 10 added to the result in order to state the actual soap-absorbing 
fBmtt of the water. According to this method, a hardness of 8^ is equal to 
\ of carbonate of lime per gallon. 
, d2 
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adopted in detenniniug the constitiieiitj? of organii: origin cam 
taioed in water, anil the two Commi^doDS are not at one as dj 
the inferences to be drawn from analjses, eveo when correctlj 
obtained* j 

The older aimljaes of water refer only to " organic maitfirj 
without reference to ite character ; but this realW gives us littfl 
information of value. Oue water containrng organic mattei 
may be comparatively harmless ; whilst another, containing a 
fiir smaUer quantity, may be highly dangerous. It depend 
altogetlier upon the source and nature of the organic matt^i 
This is a very complicated question and cannot he briefly 
cuased wilb advantage ; but we will note the chief points reli 
upon by chemistSj e*ipecially Dn Frankland> It is nee^ssary to 
know the precise amount of nitrogen and of carbon (other than 
that existing as carbonic acid or carbonates) ; the relative pro- 
portion of organic carbon and organic nitrogen givers a clue 
the character of the organic matter — ^whether of vegetable 
animal origin ; the smaller the absolute amount of nitrogt?B 
and the higher the proportion of carbon to nitrogen, the le 
the danger of animal matter* 

But here a diflSculty occur*?; during the oxidation of v* 
table organic matter the proportion of carbon to nitrogen kssem 
whilst during the oxidation of animal organic matter the pro 
portion of carbon to nitrogen hicreases* We are thus oft.e 
thrown back on a knowledge of the soiu-ce of the water 
enable us rightly to interpret the chemical analyses. But, aj 
fi'om this knowledge, if tlie absolute amount of organic nitrogen 
be high, we may reasonably regard the water with suspicion, J 
Nitrogenous organic matter or "albuminoid ammooiaT 
undergoeH putrefaction, and ig converted into ** free ammonia," 
The presence of much free ammonia in the wat«r of shallow. 
wells denotes very recent contamination with animal matteri 
A large proportion of nitrates or nitrites shows that the pollutioij 
ii tnor^ remota, the ammonia having become oxidized tnt4l 
nitrates. But in the case of deep wells the presence of a littlf 
ammonia need not denote recent pollution, it may have bee ' 
formed by the deoxidation of nitrates- But of this at least 
may bo certain — if the amount of nitrates, nitriteB, or ammonij 
be iarge^ tlje animal pollution of the water, recent or remot 
must have been considerable* 

Water from deep wells in the chalk often contains variable 
proportions (though 'rarely large) of arambnia and nitratr*^ 
One curious result of the careful tabulation of the analyses in 
the River Pollution Report is this ; — The welU simk tbrt)ugi 
London clay into the chalk yield water of less hardness and with" 
more ammonia than those sunk into the chalk when that rock ^ 
the surface of the ground ; nitrates are frequently absent.^! 
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Wells on bare chalk give water whieli always contains nitrates, 
but from wiiicli ammonia is freniientlj absent* In fact, water 
from chalk when under London clay appears somewhat to resemble 
the water from the lowest Tertiary strata, which lie between the 
chalk and London clay ; probably the chalk in such situations is 
partly fed by water draining downwards from the overlying sands* 
Chlorine exi!^ta in water chiefly as common salt (chloride of 
iodiiim). Water which has been much polluted by sewage 

111 ways contains this substance inconsiderable quantity; it ia 
toierefore a guide in reading the history of waters. But sewage 
B not the only source of chlorine- The rain and the air of 
maritime districts are often charged with sea spray, and 
Joring heavy storms salt has thus been carried far inland. 
After the severe storm of Jan. 1839 salt was found on the trees 
near Hudderstield-, sixty miles from the sea. In Nov, 1 703 salt 
was carried into Sussex, more than ten miles from the coast, 
making the leaves and branches quite white. Salt will also 
cioair in water after infiltration through strata naturally con- 
laining it. 

Much disouision has arisen as to the phrase ''previous 
lewaga or animal contamination," in which Dr, Frankland sums 
lip th e history and quality of various waters ; some chemists 
■■Mfting to the phrase, as sensational or wholly delusive. The 
^^^Hing of it is this : — An estimate is made of the total amount 
of combined nitrogen contained in solution in 1 00,000 parts of 
average J/ondon sewage, Tliis amount varies at different 
times: in 1869 it was 7*06 parts, in 1857 it was 8-363, For 
iimplicity the number 10 has been assumed. But rain-water 
always contains nitrogen in these forms; niunerous analyses 
^ve a mean of *032 per 100,000 parts as the amount of 
aitrogen present in rain water a.^ ammouiaj nitrates, or nitriteit 
** After this number (*032) has been subtracted from the 
amount of nitrogen, in the form?* of nitrates, nitrites, and am- 
monia, found in 100,000 parts of a potable water, the re- 
mainder, if any, represents the nitrogen derived from oxidized 
^^imal matters with which the water has been in contact. 
^Khns a sample of water which contains, in the form of nitrates, 
^K^tes, and ammonia, '326 part of nitrogen in 100,000 parts, 
Hp^ obtained -326 - -032^ -294 part of that nitrogen from 
animat matters. Now this last amount of combined nitrogen 
is assumed to be contained in 2,940 parts of average London 
s*;wage, and hence such a sample of water is said to exhibit 
^^,940 parts of previous sewage or animal contamination in 
^Po(l,OtJO parts; or in other words^ 100,000 lbs. of the water 
^contain the mineral residue of an amount of animal organic 
mat.ter equal to that found in 2,900 lbs. of average London 



sewage. 



Hif er Pollution Commisaioii, Sixth Report, p. 14, 
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The presenee of moch nitrogenous organic matter or fr€^^ 
ammonia in water is held by all chemistg t^ l»e a proof of con- J 
lamination. Dn Frankland regards the presence of nitrated in 1 
tlie w&m^ light. But Dr* Odling, Professor Wankljn, audi 
0II1159, look upon nitrates as giving no certain information on j 
the matter. It is true that thej may be formed by the 6xidar 
tiofi of ammonia, this having previoujiy been formed by the I 
fermentation of organic matter; but nitrates ejcist in deepiwell-j 
water, to which it is hard to believe that sewage or its deri?a- J 
tives gain access ; and they must also be formed in the soil, ] 
from the albnmiooid parts of plants* On tlie other liaod, living 
vegetable matter in water abstracts nitratt?i*, and thus the 
amount of them may be no efficient measure of iU previous 
pollution. 

Organic matters in water are hurtful because of the putre- 
fiiction and fermentation which they undergo. But when these 
changes have reached their final stage, and the organic nitrogen 
has been wholly converted into nitrates or nitrites, the water ia ^ 
not necessarily unwholesome from itfi mere chemical c^ntentsL ! 
The danger is that germs of disease — ^of typhoid fever and 
cholera, or tlie ova of intestinal worms — may remain tmchanged> J 
BQFpendedj but not dissolveci in the water. This is especiaDyj 
to be feared in the case of shallow wells^ and of streams inti 1 
which Bcwage is pouredt That typhoid fever and cholera ' 
are in this way propagated by drinking water has been proved 
repeatedly. 

The extent to which sewage is oxidised and rendered harm- 
less during its transport by rivers is a question of suprem© ' 
importance; unfortunately it is also one on which authoritieaj 
differ. Dr. Lethcby believes that if Ordinary sewage, such aa] 
that of Londonj '^ be mixed with twenty times its bulk of tb« 
ordinary river water and flows a dozen miles or so, there is nofe| 
a particle of that sewage to be discovered by any chemical pro 
cess/* Other chemists incline to the same opinion, or at least | 
believe that in most cases sewage is destroyed if carried in thia 
way for long distances-* Dr» Frankland and IMr, Morton devot 
much attention to this question ; and as the result of man] 
analyseii of several river waters, including that of the Thame 
they believe that ** there is no river in the United Kingdot 
long enough to secure the oxidation and destruction of am 
sewage which may be discharged into il, even at iU sourceJ 
Against these statements sliould be placed the admission 
tlje Commissioners that the tributaries of the Thames arfl 
often more highly polluted than is the river itself at Hampton 

• See the Minutee of EvideDce of the Water Supply Coiumifleion, 
iDftin points bearing an tlus question are recapitulated in tlie CommiimoQBr 
Report, pp. ljEJ£r--batxvn* 
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As the river and its tributaries receive sewage at many inter- 
mediate points, the " previous sewage or animal contamination " 
at Hampton ought to be considerable ; the fact that it is not 
seems to prove that much of the sewage has been destroyed. 
The Commissioners explain this apparent anomaly by the 
subaidence of suspended animal matter in quiet parts of the 
river. Sir B. Brodie and Dr. Lyon Playfair contend that sewage 
may not be (often certainly is not) fully oxidised even afl^r 
long carriage in river water. Professor Wanklyn states that 
although urea is rapidly transformed into ammonia and car- 
bonic acid, yet that albumenised matter is very persistent indeed. 
Mr. Simon puts the matter in the right light in his evidence 
before the Water Supply Commissioners. He said: "Water 
into which sewage has been discharged is, in relation to the 
matter now under consideration, an experiment on the health of 
the popuUUion^ and I do not think that that experiment ought 
to be tried." 

With regard to the maximum amount of organic matters 
which may be allowed in drinking water, the following state- 
ments will be useful. The River Pollution Commissioners believe 
that surface or river water should not contain more than 0*2 
part of organic carbon, or -03 part of organic nitrogen, in 
100,000 parts. Spring and deep- well water should not contain 
more than 0*1 part of organic carbon, or '03 part of organic 
nitrogen in 100,000 parts. 

Professor Wanklyn states that efficiently filtered water may 
contain from 0*05 to nearly 0*10 parts of albuminoid ammonia 
per million ; when the amoimt rises to 0*10, or exceeds it, there 
is defective filtration. " It is a matter of observation that 
diarrhoea is frequently prevalent in communities which drink 
such water." Free ammonia exceeding 0-08 part per million 
generally denotes recent contamination with urine. Much 
albuminoid ammonia, little free ammonia and little chlorine, 
denote vegetable contamination; such water is very injiurious to 
health.* 

Dr. Frankland and Mr. Morton sum up in the following 
table their observations on the relative value of waters : f — 

r 1. Spring water (198) \ y «alatable 

2. Deep-well water (167) f ^^^P*'^^*^^« 

3. Upland surface water (195) 1 Moderately 
" 4. Stored rain water (8— of rain water, 73) J palatable 
. 6. Surface water from cultivated land 1 CI 75^ I Palat- 

Dtnffemiifi i ^* l^i^®'^ water to which sewage gains access J f w 

^ 1 7. ShaUow-well water (420) J 



Wholeaome . 



♦ These observations are quoted from " Water Analysis," 3rd ed., 1874, 
pp. 87, 39. 

t P]p. 129 and 42o of Sixth Report. I insert, within parentheses, the 
munber of analyses on which the generalisations are based. 
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Classified according to softness, the waters stand thus : — 

1. Rainwater j 4. Polluted merirater 

2. Upland surface water > 5. Spring water 

a. Surface water from cultivated • 6. Deep-weU water 
land 7. Shallow-well water 

As regards the water supply of London, the Report just pub- 
lished will greatly strengthen the case of those who are discon- 
tented with our present supply — not only as to its quality, modes 
of distribution and control, but also as to its source. It is not 
pleasant to think of drinking water mixed with sewage, even 
although the sewage may enter the river miles away, and the 
water be most efficiently filtered before delivery. To many 
who read this Report, what may now be only a matter of taste 
will Ijecome a matter of conviction. The Conunissioners 
unhesitatingly condemn the water supplied from the Thames 
and the Lea ; that supplied by the Kent Waterworks Company 
to London, from deep wells in the chalk, is good water, its only 
&ult being a high degree of hardness. The New River Com- 
pany partly derives its supply from springs and wells in the 
chalk. According to this Report the amount thus obtained is 
relatively too small to aflfect the general quality of the water ; 
but absolutely the supply so obtained is considerable, nearly, 
12,000,000 gallons per day. 

Chalk water is always hard, chiefly from the presence of 
bicarbonate of lime. Dr. Clark invented a process by which 
this " temporary hardness " may be removed, which consists in 
mixing water saturated with lime with the water to be soft- 
ened. The excess of carbonic acid, which holds the carbonate 
of lime in solution in the hard water, is then transferred to the 
free lime, and tlie whole falls down as insoluble carbonate of 
lime. Apart from the advantage of softening the water, this 
process has other recommendations; much organic matter is 
carried down with tlie precipitate, and the water will keep 
better in reservoirs than wlien in the natural state. 

This process has been applied by ilr. Homersham to several 
waterworks. The water from the deep well at Plumstead was 
thus softened until the year 1861, when the works were bought 
])y the Kent Company. None of the water now supplied to 
London is treated in this manner ; but the process* is used at 
Aylesbury, Canterbury, Caterliam, and Tring, with the following 
results : — 

iranlneas (parts per 100,000). 

Before After 

softening. softening. 

Canterbury .... 26*3 40 

Caterham .... 21-2 44 

Tring 20-3 3*2 
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e liardDes;* remaining^ after softening is due to the pre^ 
of sulphate of lime or sulphate of magnesia; this is 
tinned ** permanent hardness/' 

The plans which luive been suggested for supplying London 
with water from distant sources, as from Wales and the Lake 
District, are those most frec|uently sjKiken of when dissatisfac- 
tiou is expressed with regard to the present supply. This is 
not to be wondered at, for the schemes are bold and complete, 

e water promised is pure and abundant. Compared with 

e&e, the proposals ibr collecting spring and well water in 
Wious parts of the Thames basin, and bringing it by difiFerent 
routes to London, are '* patchy" and tame; and yet perhaps 
in these characters lie their chief recommendation. Is it 
wise ta trust for the supply of the metropoll^ii to a single source, 
m fer distant? Moreover, these distant sources may some 
day be wanted for the towns in the northern and midland" 
districts. 

There seems no nece^^sity for g^oing so far away, as plenty of 
good water can be obtained within the Thames basin itself. 
Indeed, no large city is better situated for supplying itself from 
within its own drainage area; although some— Paris, for in- 
itance— are more fortunate as regards deep wells* The average 
daily supply from the metropolitan companies during 1874 was 
116,500,000 gallons, or 34*8 gallons per head ; the maximimi 
daUy supply was in September, wlien it averaged 127,600,000 
gallons, or 37 '5 gallons per liead* It is calculated that about 
;ine-third of the supply is wasted ; one-third goea for trade 
purposes, flushing sewers^ street watering, and fires ; or^j one- 
third is used tor purely domestic piu*poseSi 

The Commissioners on Water Supply estimated that it would 
be desirable to calculate on a future population of 5 millions, 

ith a maximimi summer consumption of 20O million gallons, 
or 40 gallons per heath The present excessive waste can be 
largely checked by the use of better fittings and more strict 
control; by such means the couBumption in Liverpool has 
reduced by Mr. Deacon from 28'89 to 16'47 per head, 
constant service. But, to be on the safe side, we will 
the figures ari they stand. One reason for doing so is the 
poa^ibUii}^ that the Thames valley may some day become a 
ilmsy centre of mining industry. Geologists have long surmised 
pttat under the south-east of England there may lie fields of 
valuable coal measures, at a workable depth** The Sub- 



• P^ofeaeor Pjnestwich hae fully discussed this question in r former 
Bumber ot thjs Review (vol xi* p. 226 ; 1&7-2). Tbe MetropoUtan Board 
of WorliS are now puttiogdowu a boring at Crossness, which they intend to 
€inj through the Gaidt Thii is in senrcb of water, but ita results will 
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W^lden Baring has as yet. tlirown no certain \i0ii 
question, A decided negative result there will not prove ( 
absence of coal raea*iures under London, and otlier triab ^ 
one day be made in this direetioni Wild as this ^urmis^e I13 
seem, it is one worth considering m regards this question. 
- The following table exJiihits the atnoimt of spring wai 
available within the Thames basin, including the supply a^ 
able fn^m weil^ of the existing companies :—^ 



Spmgs and wells of thft New Iliver Cotnpany 
W0II& of the K*itit Wftterworks Compimj 
Chalk apringfl at Gmjs ...,.-. 
,,,, I, between Lewisham and Gravesftid * 

„ „ abov** London .*,*.* 

Totrtl from the chalk 
' Lower GreenMand distriui of Leith Hill^ Hiuahead^ kef 
Oolitic springs on the N. aide of the Thflmea | 

ToUl 




15.000,^ 



110,000^ 

70.000, 



200,000, 



These estimates are independent of the Bagshot districti 
the lower greensand range from Redhil! to Maidstone. 
supply might be largely increased by additional welk sunk 
the chalk, lower greensaud, and oolites- A large quantitj 
water might be obtained by sinking near the Cotteswolds li 
through the inferior oolite to the Midford sands; tins, h 
ever, would probably rob the Severn of its spring water, wh 
now flows out on the western side of the Cotteswolds- 

It i? tliuft evident that sufficient pure water can be obtaii 
within a moderate distance of London ; sufficient even for , 
entire future consumption. To bring water from so mi 
sources will certainly be expensive — ^perhaps as much so as 
most costly scheme for far-distant sources. But the expense 
be incurred gradually ; the nearer sources may l>e taken fi 
those fhrther off at later times, as the demand increases. 

If the supply for domestic use can be separated from that 
general purposes, an enormous saving of good water 






probably be raluablft as regarda our knowledge of the mng& of 
rocki^. I may here remark that the description which I gare of the 1 
"W^ealden Boriag in a previoua number of this Review (toL xiii, p. 
fequires Eome mmjification, A second boring, carried to a depth of 1 
feet^ has proved that the Kimeridge clay extends to 1,750 fefit at least 
• Mr. Barlow eati mated sixty millions from thia source* 
t Eitimates of the yield of this district vary gtieatly. I take Itm 
the Lowest. 

t Itiver PoUntioii Commission, SUth Report, p. 207, This M 
estimated summer yield of only twelve aprrngs. 
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BSnlf ; a^ Thames water could be retained for the latter, 
prhe expeD^e attendant upon this change would be very great, 
ifctti it would probably be less than that required for niany of 
'the proposed schemes- Kewcastle-on-Tyne and Gateshead are 
supplied from upland gatbering groundj^j suppleraented when 
Pecessary with water pumped from the Tyne, A billj to be 
■abmitted to Parliament during the coming session, provides 
powers to lay down duplicate mains, with the view of eontiniBg 
Ihe Tyne water to the trade supply. 

In the foregoing tabular Btatement the water is supposed to 

be obtained in three diflTerent ways : from wells, sprin^^^ and 

galleries driven along the water-bearing strata to intercept the 

■obten^aTiean flow of water. It is probable that this last plan 

■rill in time be extensively adopted. It was first, systematically 

KPed by the late Mr. Eastonj in supplying Eamegate by bea4- 

■hgs driven near the chalk cliff, intercepting the wat^r whicli 

pbefore flowed to the sea. Mr. Barlow proposed to collect tfie 

chalk-water along the south side of the Thames in a similar 

way ; and Mr. Lucas has recently proposed to use this method 

pxtemsivcly for the supply of London. The headings driven 

■!biii the sides or bottoms of wells to intercept the water-vielding 

Itimire^ depend upon the same principle; such are now largely 

priopted. Water is thus mined for^ along the Hues at which it 

Rfemost likely to occur. 

The abstraction of so large an amount of spring wat^r for the 
^pply of 1^-Jttdon would sensibly diminisb the summer flow of 
Hie streams* This wonld have to l>e restored l)y large com- 
pensation reservoirs in which to store the surplus rainfall. This 
fcight also in many cases be largely stored in the great natural 
pmderground reservoirs by carrying down shafts tlirough the 
werlying impervious beds. If sewage can thus be absorbed 
ind got rid of (as it has been on a large scale), the same may 
be done with surplus rainfall ; hut this should be done before 
the water is polluted. Drainage water on the tertiary beds is 
■iften turned into the underlying absorbent chalk: the porous 
mt4B of the lower greensand and oolites have been used in the 
ilBme way* 

% The River Pollution Report refers to many subjects of great 
weiesU in addition to those to which we have too briefly 
Wuded* One of the most important dinsions of the volume 
WKribes the water supply of provincial towns and villages, 
■his brings out most forcibly how large, in all partj of the 
febuotry, is the number of shallow wells which yield impure and 
preo dangerous water. Many instances are given in which 
piter fit only for irrigation is constantly used for drinking. A 
Pfell in the market-place at Deal has a maniu-e valley fully equal 
1» that of average Loudon sewage. 
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lo another part of the Report many aiialTses aro giv«?t^^ 
shallow well^ in LoiidoBj some of which have a manure vain 
150 per cent, greater than that of London sewage. Only Iwfl 
of the public welb are considered safe j they are the pump neM 
the south-east entrance to Kensin|;ton Gardens, and a well iH 
the Maritime Almehouses, Mile End Old Town* Of thirty-niiM 
shallow public welk which exMed within the City in 186M 
only four are etill open. Dr, S. Saunders has lately recoiM 
mended that these be closed by order of the City autborttlM 
or of the Secretary of State. ■ 

This is a matter which has long been a public dlsgracM 
There may be difficulties in the way of providing large towifl 
with a plentiful supply of good w^ater, but there should tfl 
none to prevent the cloBing of public wells wlueh yield sto^ 
poison. ■ 

At the late Birmingham Sanitary Congress several speakefl 
dwelt emphatically on the evils resulting from shallow wellH 
in Leeds and Bristol many such wells have been closed by tM 
local authorities* m 

Rural districts are little if any better off than towtis in tha 
respects Br, Voelcker ^ates that he analyses a dozen sampla 
of bad water from country places for every one from townji^ UH 
that many drinking waters sent to him for analysis are fittea 
rather for irrigation. Mr. F. Sutton states that out of 429 
samples of water taken from wells in the open country, 307 ha 
to be condemuecU On inquiry, it invariably occui'red that eith^ 
a dead well or a cesspool esdsted within a few yards of the we 
He thinks it probable that waters suspected to be bad we 
sent for analysis. We cannot of course suppose that 75 per ceat 
of country wells are eo bad as this. 

But all this is an old and now familiar tale* Again ai 
again we read in official reports of how the inhabitants of tl: 
or that house, village or town^ are poisonefl by the foul water i 
shallow wells* Perhaps in some exceptional cases a little gener 
interest is excited by the statement; but the evils in the 
ticular cases are more or less redressed j and mutters go 
elsewhere much as they were before. People still speak enthu- 
siastically of the pleasant waters from their favourite w^l^ 
perhaps fed by the soakage from neighbouring cesspools or tmm 
drainage from adjacent !>unal-groimd&- The connection bet ween 
the soiuce of pollution and the water drunk is not apparent, and 
little heed is given to scientific demonstration that such cqjM 
nection exists. And why should heed be given? Is not tH 
water always cool and sparkling, the cesspool out of sight, tM 
graveyard old and long disused? In one case at least thefl 
conditions are not all fulfilled, as the following extract ww 
show — sufficiently startling in its simple horror, and needi^| 
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no comment or explanation : — " I stood by the well at Cawn- 
pore, and I thought how dreadful it was to realise the fact 
that all the other wells in the surrounding cantonment are in 
communication with the common grave of our murdered fellow- 
countrymen and women, ' whose bones lie scattered in that pit,* 
as the inscription upon their monument declares."* 

• A. S. Ormsby. " A New Idea for the Water Supply of Towns, and also 
for the Troops in India and the Colonies," p. 16. 1867. 
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THE conditions under which the various sedimentary etmta ' 
were accumulated, and the inferences deducible aa to the 
phjBical geography and elimatal characters of the different 
periods, may be understood not only trom the study of the sedi- 
raents themselves, but more especially from the nature and 
relations of the remains of the fossil animals and plants imijedded 
in them. The greater portion of the va^t thickness of the 
stratified formations (estimated at from twehe to sixteen milee, 
and even more, in thickness) are chiefly due to marine agency, 
with some intercalated beds of estuarine and fluviatile origin, 
while others are indicative of old terrestrial surfacei» which must 
have been to some extent more or less contempomneous with 
the aqueous deposits then in progress* The evidence of this old 
land is inferred from the nature of the vegetation and the occur- 
rence of the remains of air-breath in j^ animals associated with it. 
Tbu general geological l^elief appears to he — from the nature 
of the evidence preserved to us in the successively formed 
foesiliferous rocks—that from the earliest perioil to the present 
there has been a gradual increase of the land-surface of the 
globe. The remains of the animak and plants all point in tliis 
direction. 

In the Upper Palseozoic period there was a luxiu-iant land vege- 
tation, some insects, and air-breathing reptiles; in the Mesozoic 
period many land plants, insects, air-breathing reptiles and 
wann-hlooded mammals, chiefly marsupials, and in the succeed- 
ing Tertiary or Ccenozoic period a considerable increase in 
numbers of the orders and families of animals and plants, both 
of which have attained their maximum at the present time* 

With regard to the development of the vegetable kingdom 
in time. Mens. Adolphe Brongniart many years since div^ded it 
into three great periods corresponding to tho^ above mentioned: 
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I, the reign of Acrogens, characterised by the abundance of 
Squiaetacece (horsetaik), Lycopodiacece (clubmosses), Filicea 
(ferns) ; 2, the reign of Gymnogens, characterised by the cycads 
and conifers ; 3, the reign of Angiosperms, characterised by the 
ezogens and endogens. Not that they are special or peculiar 
to each period, but are the most abundant forms; so that, instead 
of being a truly consecutive series, they form a more or less 
parallel one ; for in the first period the abundant acrogens are 
associated with some gymnogens in the form of the coniferae, in 
the second period the numerous gymnogens are associated with 
some angiosperms, which latter increase and constitute the domi- 
nant flora of the third period, as shown in the following dia- 
gram: — 



Palseozoic. Mesozoic. CoeDozoic. 

Exogens. 

Endogens. 

mmmmmm^^m Gjmnogens. 

m^^^m^m^ AcTOgenS. 



} 



The earliest well-marked flora is that of the Devonian period, 
as seen in New Brunswick, Ireland, and some other parts of 
Europe. In the imderlying Silurian (although traces of Lyco^ 
podeaie stated to occur) and in still older strata, the structural 
evidence of plants is very scanty; still the occurrence of anthra- 
cite, veins of graphite, and beds of iron ore, indicate probably 
the existence of a former vegetation, whose original characters 
are so obliterated as to prevent us from determining their real 
affinity.* 

The Mesozoic rocks, characterised by their gymnospermous 
flora, are divided in ascending order into Triassic, Jurassic, 
Purbeck-Wealden, and Cretaceous strata, and it may be interest- 
ing to inquire what was the nature of the plant-life at the close 
of the mesozoic period, and to what extent it was related to a 
preceding, or foreshadowed that of a subsequent period. Com- 
paratively recent discoveries in Europe and America have 
considerably enlarged oiu: knowledge of this old cretaceous 
vegetation, from which it appears that, with some forms in 
common, it is markedly distinct from the lower mesozoic flora, 
and presents the facies of a tertiary flora, especially in the 
abundance of dicotyledonous plants, so much so that in some 
districts the beds containing them were at first considered to be 
of miocene instead of cretaceous age. 

Essentially a marine formation, and consisting of sediments 

• Sterry Hunt, " Amer. Jour, of Science," 2nd ser. vol. xxxi p. 396. 
C. BL mtchcock, « Geology of New Hampshire," pp. 608, 609. 
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of clay, sandstone, aod Limestone either of mechanical* chemiea 
or organic origin, the Cretaceinvy rock^ are widely spread averl 
the globe, occurring in Eiiroxje^ Greenland, North and 8outh 
America, New Zealand, India, and the Pacitic Islands. Accord- 
ing to locality these rocks vary in mineral aspect^ and indicate 
either deep or shallow water deposits, proximate lines of shore 
from which drift wood was carried into deeper water, or land- 
surfaces upon which grew for a long period a sufficiently luxu- 
riant vegetation to form moderate t)eds of coal, as in New 
Zealand, Vancouver's Ijsland, and other places. It is the nature 
of this vegetation we shall attempt to explain, as derived ftom 
the various localities where plant remains have been preserved. 

In the British area and adjacent parts of France the creta* 
ceons plants are very few. The Lower Greensimd or upper 
Neocomian shows^ however, that tlie land of the \\*ealden period 
Avas not entirely submerged^ for with its marine shells are found 
tlie W^ealden fern (Lmtchopterls MwtitelU)^ the W'ealden Iguana- 
don, the cycadeuus genera Yatesia and MantelUuj and some 
cones and stems of conifersP. 

In the overlying gault at Folkestone coniferous &uits have 
been found, referred to the genns Wellingtonia {Sequoia)^ and 
others more neiirly related to that group of the section PvnsaJ 
the members of which are now associated with the WellingtoniaB 
in tht^ west of North America, than to any other members of 
the great genus Piims, which seems to point to the existence 
of a coniferous vegetation on the high lands of the upper 
cretaceous period, having a facies similar to that uow existing 
in the mountains on the west of North America, between the 
thirtieth and fortieth parallels of latitude. No fossil referable 
to Sequuia has hitherto been foimd in strata older than the 
gault, and here on the first appearance of the genus we find it 
associated with pines of the same gioup, species of which now 
floiu-ish by its side in the New WorhK'^ 

In the gault, upper green sand, and white chalk, besides 
coniferous firiuts, fragments of coniferous wood are occasionaU; 
found, the latter sometimes having perforations made by 
species of Teredituu 

On the continent of Europe, however, rocks^ of CretHUceous ag< 
have in sundry localities yielded a more or less abundant land 
floraj distributed at different geological horizons from the lower' 
Neocomian to the Danian or uppermost chalk. -^^ 

To the Urgonian or middle Neocomian belong the bituminous 
schists and sphierosiderites uf Teschen and Weriijsdorf f in the 

' Carruthew, **Geol Mag/' vol, viii, p. ^40, A. Gray, ^*^iddre^," ISTSj 
p. 5. 

t Scheak, *vDie fossilen Pflnnzon der Werasdorfer ScHchlea in d< 
ban/' Palmoutograpljica* Bd» m. 
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flrtrt^iem Carpathiao^, containing iiiimerouB vegoiable remains. 
The plastic clays of I.a Louvierejn liaiiiaut (Belgium), referred 
to the gault^ cotitain almost exelusivt^ly remains of cooiferoc and 
cycadeae, and thus their flora differs essentially from that of Aix- 
la-Cbapelle, although it i^ not far dist^int, for the latter com* 
prises many dicotyledonn but no cyead, and the species and even 
the gnenera of conifer 317 are diflfereiU, According to M* Coemans, 
of all the cretaceous floras known at present, tliat of La Louvi^re 
presents the remarkable peculiarity of not containing any species 
common to the other floras of the same period, England, 
8aiofiy, Silesia, and Moravia* have yielded Cretaceous con i ferae, 
but they have little or no relation with the Belgian species.* 

It is one example of an isolated flora of the period. Besides 
which the flora of ffainaut seems to aflonl a series of inter- 
mediate types with existing genera: thus Pin um Cor}ieti{Coitim.) 
connects Abi^.^ with Cednta ; P. Aadmi^ Strohus w;th PiaaH^ 
lej*; and P. Heeri forms a tranBition from Cembnt to Stt*obits. 

The upper gretmssind and lower chalk corresponding to the 
Cenomanian and Turonian of France, and the lower quadersand- 
stein of Germany and Austria, contain many gymnoiperma 
(ecmiferBe) and dicotyle<lonR, the latter ^oup here for the first 
tijDe appearing in any abuntlance : for the geological position 
of the Aix-la-Chapelle beds (hereatter noticed) is newer- 
Strata containing plants refer reil to the former age occur at 
NeiMtadt, in Austria ; Nie(ler&!chdna and (foppeln, in Saxony ; 
Hradek, Kutschlin, Laun, Perutz, Smolnitz, Trziblitz, in Bohe- 
mia ; Oppeln and Tienfenfurth, irt Silesia ; and Moletein, in 
Moravia, Plant-bearing Ijeds of the upper chalk or senoniun 
and up7>er quadersand stein have been noticed at Blanken!>urg 
and Qiiedlinbei'g, in the liartz ; at Ilalden and Sonderhorst, in 
\^'c!5tphalia ; and it is probable that the Plutten-kalk of West- 
phalia and the sandstone of Klin, near Moscow, conbiining 
8fj(juoia and other conifers, belong to this age. 

The most interesting locality for fossil Cretaceous plants at 
fvesent known in Europe is undoubtedly that of Aix-fa- 
Cbapelle, where Dr. Deliey has noticed more than 400 species, 
generally well preserved, belonging to all the great divisions of 
the vegetable kingdom^ of which the Dlci^yl^dimmis aiigh- 
$perms are the most prominent featiu*e of this old florap 

The Aachenian san<b of Aix-la-Chapelle belong, according 
to iOL Bosqtiet, Schimper, and 8ir C. Lyell, to the upper chalk 
CKT seaonian^t 



• " M<*moire9 da TAcaddmie royale de Belgique," toiiie xxivi. 

t Bosquet, ** Foss. Faunn e»n Flora, Staring* Bodem van NederUwd/* 
II*"* DeeL Scbimper, " PaliBnntolnjrie Veg^tale/* tome iii* p. 073* Lyell, 
" Ekm^alA of Geology /^ 1874, p. 286. 
TOL. XV, — NO. LVIII. E 
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The fossil platits and associatoi searas of lignite, ;mfl 
more or le^s perfect. coaU are intercalated with \mh ot mud an 
clay of coQsiderable thickDe:SS, evidently derived ixom ?;ome 
oeigbbourirg land, and iuterstratified with them are occasion; 
bands of limestone with marine shells- '* On the whole," sa; 
Sir (?• Lyell, "the organic remains and the geoloigieal pjsitioi 
of the strata prove distinctly that in tlie neighbourhood of Aix 
la-Chapelle a gulf of the ancient Cretaceous sea was br>iiiide 
by land composed ot Devonian and carboniferous rocks, Th 
rockii consisted of quartzose and schistose beds, the first > 
which supplied white sand, and the other argillaceous niudTtx> 
river which entered the sea at this point, carrying down in i 
turbid waterj; mueli drift-wood and tlie leases of plauti>- O" 
sionally, when the force of the river abated, marine shelb 
the genera Tngunia^ TiuTlteUa^ Pecfrfi^ Hamltes^ *&c*, e^tdl 
lished themsehus in the same area, and plants allied to Zostm 
and Fiicus grew on the bottom."** • 

But the position of tlie Aachen ian simds in Belgium and tl 
north of France, which are at the baite of the Cenomanian, 1j 
been ditferently assigned, and were the subject of considerabli 
discussion at the anniial meeting of the (ieologiciii Society 
Franca at Avesnes (1874)*t M> Gosselet refers them to tb 
ganit. M, de Lapparent, agreeing with the late AL Pumout? 
believes they correspond to the ^Vealden ; and MM. Cornet ami 
Briart consider their formation to have commenced at the chi.- 
of tlie carl^oniferous period, and to liavi^ continued, with all pn 
bability, until the t^^rmination of tfje gault.J 

The tiiira of Aix-la-Chapelle was essentially terrestrial 
few algfe occiu-, marine coutempomries of the land vegetatioi 
which comprised numerous ferns, of which tln-ce of the genei 
arc at pre.^cnt living : As^plenium, now European, and widel 
distributed; Lygodium and Gleichcnia, not Einopean, th< 
former mostly tropical, and the latter chiefly found in th< 
South of Africa and Australia, The conifcra^ were tolerabl 
abundant, including Glyptostrobuft, Set|Uoia^ and Arauc^tri 
associatLxi wrtli sonio new types, as Vy€iulfjp&t8~ near to Seqiioi 
and Moriconia related to the Cupressineatf in resembling Lfhi 
cedruH ar.d Thuloj^iH of tlit? present flora. Among the Mono 
cutyledons, species of Pun da huh or sciew-pine and other for mi 
occur. Of the dicotyledonous angiosperms, which constitu 
more than half of the tlora, the Froteacea'— a tatnily now n 
utricted to South Africaj Uie Cape, and Australia— are ver| 

* •* Elemi^iJts of Oe(>b|ns" IH74, p. 28fL 

t " BalletiJi S<)C* lUol de Fniuce/' 1^*7-5. 

\ ** L^Aacbefiifii et In liiitiiti enlrt* It* Jum^ique et le Oji*tiic^ dua 
VMme et iv$ Ardetint;?/* j>nr M. Ch. Barixiis, Bulb Gi^L SOC d<j FriiDcc 
a ser.f tome iii. |». 257. 
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predominant. Besides extinct genera there are others, con- 
sidered to belong to living forms, as Adenanthus, Banksia, 
Dryandra, Grevillea, Hakea, and Persoonia. Associated with 
these Proteacese are the lig, bog-myrtle, willow, poplar, the 
oak, beech and dryophyllum, a cupuliferoiis genus allied to the 
chestnnt-oak, also Credneria, and cissites related to the Ampe- 
lideae, together with some forms of the Myrtaceae, as Eu- 
calyptus^ &c.* 

The eastern continent, like the western, afford-^ equally inter- 
esting facts as regards the old land surfaces of the Cretaceous 
period. In Spitzbergen and Greenland, under latitude 70° N. — 
where now almost perpetual ice and snow reign, with the dis- 
appearance of the snow there suddenly springs forth a herbaceous 
vegetation, rushing into leaf and flower, to be speedily de- 
ftroyed by the return of the winter's frost after a very short 
summer — there is evidence of a forest vegetation at the Cre- 
taceous and Miocene periods, indicative of a temperate or even 
subtropical climate, thus showing that great physical and 
cosmical changes have taken place in the Arctic regions, and 
infeiring at those periods a different distribution of land and 
of warm oceanic currents from that which obtains at present. 
The researches of Professor Nordenskiold, in connection with 
the late Swedish expeditions, and the subsequent determinations 
of Professor Heer, have thrown considerable light on the ancient 
Boras and climates of the Arctic region5«.t The Cretaceous strata 
of Greenland, according to Professor Heer, Ijelong to two dif- 
ferent stages, and contain diifefent floras. The lowest division 
is met with at Kome or Kook, and other places on the north 
side of the Xoursoak Peninsula in Xorth-wostern Greenland. 
These strata, considered to be of middle Neocomian age ( Ur- 
gonian), contain some plants which resemble those of Wernsdorf 
in the Carpathians. About seventy-five species are described, 
belonging to fifteen families ; more than one-half are Cryp- 
togams, chiefly of the fern tribe, among which the species of 
Gleichenia play the chief part, a genus whicli still flourishes in 
the vicinity of the tropics and warmer portions of the temperate 
ione; but Sphertopteria and Pearpteris are not rare. The 
other plants are chiefly gymnosperms — the Conifenr- — some of 
whidi are nearly related to forms still existing in Florida, Japan, 

* Debey, H. M. •* Uebersicht der iirweltlichen Pflnnzen ties Kreiile^^e- 
Hige:», iiberhaiipt iind der Aachener Kreideschichten iu.-besondere." — Kh« inl. 
B. Westphal. Verhand. 1848, pp. 11.^142. 

I)»?bey, II. M. und Ettingshaiisen. ** Die iirweltlichen Tlianophyton d»^9 
Kwidegebirges von Aachen und Maestricht." — Wien. l)enk.«chr. Akad. 
Wi«i,xvi. 1850, pp. 131-214. " Die urweltlichen Acrobryen."— Ibid. xvii. 
1^59, pp. 183-24':*. 

t "Flora foJsiUa A rctica.*— Zurich, 1808, 1875. 
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aud California {SequQia)^ and Cycadese, moet of which are refer^ 
able to the genus Zamut^ species of which are now met withi 
within the tropics. A leaf was ako foimd. From the ^eE*raM 
imture of the flora Heer considers that, in the early part »>!' thw 
Cretaceous pt^ri^xl, the climate of the now ice-covered (_tre€i« 
land was sumewiiat like tliat which now prevails in Egypt mSM 
the Canary Islands*. ■ 

HiL- upper Cretaceoiiji beds, referred to the Cenomaniai o^ 
Turonian, occur at Atane and on the shore Ix'low Atanekentlluk^oi! 
the south side of tlie Noiir*>oak Peninsnla* The number of speci^i 
is nearly equal to that found in the h:>wer Cretaceous at Kome^ 
hut their type is almost totally ditl'erent, although five species 
are cummon, but they are quite unlike the Greenland Mioceae 
plants* Sequoiu, agaip, predominates among the conifers, and 
with it a Th^Ues and Stdwburea were found ; cycads ai^e rare. 
Among the ferns there are still some Glelch^iilfr^ but othfr 
forms, as Marnttiacem and Dldyophylliivi, have disappeared. 
The predominant forms are dicotyledons ; there are three 
ppecies of poplar, one 6g, one Myrica^ a Saasafras^ a Cred* 
neria^ some Pmtmklm and Legummo^U^^ and two Ma*/- 

Professor Xt>rdenskjold^ in speaking of this Cretaceous flora* 
in a lectiue to the Koyal Swedish ActwJetny (1875), says, 
*' Among the ferns, cycjuleee, antl coniferaa of Koursoak 
Peninsula (lower Cretaceous) were found a few impressions of a 
species of pophir, Popidus primctva^ which formed the only 
and at the same time the oldest known representative of the 
forest vegetation now prevailing in the temperate zone. Never- 
thelessj the vegetation uf the Arctic tracts was already during 
the Cretaceous period imdergoing a complete transforraation. 
Evidence of this has been obtained from the same locality, 
Atanekerdluk, on the south side of the Noursoak Peninsula, 
Here impressions of plants may be discovered belonging to the 
Cretaceous tbrmation, not to the lower but the upper portion of 
it. The vegetation is here quite difterent. The ferns and 
cycadeoe have disappeared, and in their place we find deciduous 
trees and other dicotyledons in astonishing variety of forms, 
amung which a species of hg may be mentioned, of which not 
only the leaves but also the fruit have l>een obtained in a fossil 
state ; and species of Ma^^nolia, Sassafras, Proteoides, &c. The 
climate that then prevailed over the whole globe was therefore 
still warm and luxuriant, even if, at least in the Arctic regions, 
c:>nsklerably modified trom what it formerly had been^ iu- 
aimueh as the flowerless vegetation (which was now hegia^ 
ning to die out)— as far as we can judge from its presenfl 
representatives, the ferns — required a warm humid climate 9 

* See R. H, tfooti^ '* GfoJ* Mag." Feh. 1872, p. 71, I 
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whereas the new forms, with their luxuriant flowers, which now 
Wgan to characterise fhe vegetable world, required, in order to 
develope all the grandeur of their colours, a clear and suimy 
sky* The dib^appeiirantx^ of s^undry tropical and 8ul>-tropicai 
forms, tb*t are met with in the older Cretaceoua stratii, has led 
H^r to the conclusion that difference of climate at different 
latitudes was now bejjjinning to sLow its^elf ; and he calU atten- 
tion to the circumstance that ihu takes place synchronously 
with the development of the dicotyledonous plants in greater 
variety." * 

The Cretac^eous character of the strata containing coal and 
ligBlte at Vancouver's Island and adjacent district was gome 
3?«urftBince noticed by Dr. Newljerry, and these and tlieir exten- 
sive development along the Pacific coast hava \yeen described 
by Dr» Hector, 

At Nanaiuo — where the coal has been largely worked, as on 
Newcastle Island— tliere are two eeanis, the firat of which ia 
about six feet in thicknessa, with sometimes a floor of fire-clay, 
but more generally of s;indstone ; and the ruof, consisting of 
J be fine conglomerate bed, about sixty feet thick, on which 
fedtfl the Douglas seam, with an average thickness of about 
four feet.t 

The coals and fossil plants of Vancouver s Island were con- 
itiilered at one time to l)e of Tertiary age, but this identifica- 
tion appears to have been made upon in&uflicient evidence. 
Among tlje fossil plants there ie one^ih^ Sequoia Ue'ickmihachi^ 
which is numerous in localities in the Cretaceous of Kurope 
aad in the Arctic regions. Interstratlfied with and overlying 
tiie beds of coal at Nanaino are strata containing great numl>ers 
of well-marked Cretaceous mollugk^ — Aiumoititm^ Bnculitee^ 

The most abundant North American Cretaceous flora is that 
f*f the Western Territories, collected from iM^ds known as the 
I^akota group, by the kbours of I)r, Newberry, and the geolo- 
gical survey under Dr» Ilayden, and recently described by 
ProfeBfior Lesque re u x . 5 

The Dakota grout> liet at the base of the Cretaceous serieF, 
nod, with the associated Fi>rt Bentiui group, is eqtiivalent to 
the Cenomanian and Turonian of Europe ; overlying these are 
many hundreil feet of strata^ destitute of plants^^ referred to the 
upper chalk or Senonian, and above these are the remarkable 
li^jtie lieda or *' Transition Seriea" of Dr- Hayden, which 

• " Geol Ma^:/' Nov, 187-1, p. 520. 

t Heetor, J. **Quiiit Journ. Geol S<ic," vd. xvii. p. 4S.1. See alao 
XVipbcrrj, ** Pri)ce<3<i. Bostuo Nat lliaL Snc," IMi. 
J J. S. N*?wbtm% " Amenc^n Jdum. Scienee imd Arts,** April 1874 
I ** The CneUceoud Floru/* Wftsbiriglou, 1874. 
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from tlieir fairaa are considereti l>j Dr. Cope to briilge ovna 
what is geueraily eon^^idered one of the greate&t ^lys if* geok J 

laical clirotiology. The Dakota group^ corrtvspondiTig t*i ihm 
Upper Creta ceo* (s of Europe, like the l>ed^ of Aix-lii-ChapeUaj 
and the Aachenian satidi* of Belgium and others of Boheiuia, ar€J 
immedialely i^uperpo»ed on the Palieoaoic rocks, thus showing a 
great pliysical break, or lapse of unrepresented time, diiring 
whieh in other areas thick marine sediments were accumii- 
iatiug. 

The Dakota group has been recognised to have a vast rax^g^ 
along the flanki* of the various mountain-ranges from north t 
feouth, extending from North Texas to the northern limits o 
the State of Minneeota, is presumed to extend into Britis^h 
America, and m the fossil leaves of the Upper Cretaceous of 
Greenland repre^^ent some genera and perhaps speeies of tTre 
Dakota group, it would seem that thi^ formation has been eon 
tinuous from the tltdf of Mexico to the Arctic lands^ (irt*t*n 
land, &c., over 35® of latitude- The fossils have been chiefly 
found on the plains in the mstern portions of Kansas an 
Nebraska, 

About 130 species of plants have been determinetl, includinj 
d% ferns, nine conifene (Se^iiiota, <&c*), one eycad, three mono 
cotyledons; the remainder are dicotyledons?, and represent 
species referable to the genera Liqiddambar^ Popiiins^ 
Sid'u:^ BcfuUi^ Mifrmu Cdtig^ Quercus, Fivitfit^ Pltiiann 
LauruSf StimtifrtiH^ Cln'itammnH'm^ of tlie Apet^leaE^; Di 
spiroH of tlie Gamopetaleie : Arolia^ M(tjf}wliar LtriiMln* 
dron^ KeffUfulo ur Amr^ Paliuru8^ lihua or Jughius, atul 
Prunuis of the Fulypetale:e ; or, merely c^insidering the affin 
ties to our present tiorat seven Icen genera are those to whic 
belong tlie species of our trees and shrubs which have the inon 
geneml and the widest range of distribution* lofleed, fill o\\ 
essential or arborescent types are there^ except those which are" 
marked by serrate or d*)ubly serrate leaves. This geheral 
facies of the leaves of the Dakota group, viz. intejrrity 
borders and coriaeeoiis consistence of leaves, is peculiar, 

The borders^ if not perfectly entire, are merely undulate oi 
tibtuscly lobed : to this there is scarcely an exception. Thii 
nnxie c^f division of the bordcjs of leaves is very rare in speciei 
nf our present times, except perhaps in some f«|:iede« of poplai^ 

Considered as a whole, most of the types of the Dakota group, 
related to those of our present flora, represent a modemti 
climate, like the one prevailing now between 3tr and 46^ n 
North latitude- I*rnfessor Hecr has the same opinion In re^tn 
to the climate of the iip|.>er Cretaceous epoch of Greenland 
as indicated by its flora.f 
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Wiih regard to the conditions of deposition. Professor Les- 
quereux' remarks, that the character of the leaves found in the 
Dakota group, and their analogy with species of our time, seem 
at first to refer them to a dry land flora ; this is, however, not 
positively the case. The most abundant representative of the 
Cretaceous flora, the Sassafras, is remarkably similar to the 
present Sassafras ojfficimUis^ which inhabits every kind of 
ground and station, from the dry hills of Ohio to the low swamps 
of Arkansas. The numerous leaves of Laurus are comparable 
to those of L. caroliniana, a shore plant ; as are also the Pla- 
tanuSy Moffnolia, Populus, Salix^ Menispermites; the essential 
types of the Dakota group being, therefore, those of low islands 
or low shores, rather than hills or dry land. Professor Mudge 
says the characteristic of the local deposits of this group in the 
State of Kansas indicate that the forests were on small islands 
scattered over the Cretaceous ocean.* 

In Cumberland and Nelson provinces. New Zealand, rocks 
referable to the Cretaceous age by their fossils overlie valuable 
coal-seams, locally altered into anthracite, and associated with 
the shales and sandstones is a rich dicotyledonous flora, both 
angiosperms and gymnosperms, as the Myrtaceae, Fagus, 
Coprosraa, Dammara, Phyllocladus, Podocarpus, Dacrydium, &c., 
many of the genera still existing in the New Zealand flora. 
There is one locality at Pakawu, where the genera Pecopteris 
and Tieniopteris are clearly associated with the dic<»tyledonou8 
plants, the species however being difterentfrom those represent- 
ing the same genei*a in an underlying sandstone, which is 
undoubtedly of Jurassic age, and which species are mostly iden- 
tical with those found in the Kahmajal series of India. 

Overlying the coal-bearing rocks are a series of conglomerates, 
sandstones, calcareous marls and chalk, with flints in some 
localities more or less developed, and there is evidence in the 
upper part of this series of fossils with an Eocene fiicies, succeeded 
by lignite beds indicating a land surface.f 

The Cretaceous period may be divided into two distinct 
periods according to the nature of its terrestrial vegetation, and 
these somewhat agree with the ordinary geological divisions ; 
including the Wealden, Neocoraian, and Gault in the lower; 
and upper green sand, lower, middle, and upper chalk in the 
upper division. 

M. Schiraper has divided the Cretaceous flora as follows : — 
Etage Inierieur (Neocomien, Urgonien), Etage Moyen et 
Superieur (Aptien to Danien). 

The general Cretaceous flora includes : Thallogens, as Alga^ ; 
Acrogens, as ferns and equisetum ; Gymnogens, as conifers 

♦ "Trans. Kanfiaji State Board of Agriculture,'' p. '1)5. 

t Dr. Uector, " Trans. New Zealand Institute," vols. ii. and vi. 
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and eyeads, a few manocotjledons, as palms; dicatyledotiSf ai 

Oie ordinary forest trees; but it ii the different dinttibntionoi 1 
these classes tliat forms the marked feature of the two diviniau^, | 
In the lower group, the gymnagens and cryptogams are ahuo- ' 
da^t ; in the iipper^ the dieotyiedons are mo^t numerous, m^kJ 
mme conift^rs and fems. This distribution has some rdatJH 
to the floras preceding and siicceediDg the Cretaceous periooH 
Thus tlie preceding Jurassic flora is composed of /(?rii«, a Jew 
Equisetacese, some Coniferse^ and a great abundance of Cycade®. 
Three-fourths of all the fossil Zmiii<u aiid half of the Cycade«, 
known from all the geological formations^ are Jurassic. Tn tire 
lower Cretaceous of \N'ernsdorf and Greenhind.esy^eei ally the latter, 
Keer finds a marked propoitiou of tliis family which U scarcely 
represented in the upper. Of the CotilfenfUhe lower Cretaceoib 
rocks (Gault) contain the earliest known representative of 
Sequoia} this genus is interesting, not only as a persistent type 
ranj^ing from Hie Cretaceous to the present, but from its wide 
(listribution at former geological periods^ Le.the upper Cretaceous 
and Miocene, and being now represented by twc species only (the 
Redwoods), and those restricted to a compamtive limited area 
in North America, the S* gigant^a (Mammoth tree or Welling- 
ton ia) to the western flank of the Sierra Nevada, and & seia- 
pervlrens along the coa^t range from the bay of Monterey to 
the frontiers of Oregon.* The absence of dicotyledons, the 
presence of a few monocotyledons, and the abundance of the 
Cycadea?. approximate the lower Cretaceous to the previous Ju- 
rassic flora. 

On the other imnd, the Upper Cretaceous presents a distinct 
assemblage, and affords the first well-marked proof of the intjo* 
duct ion on the eartli of a %'eg>etation allietl to our fruit and 
forest trees.t Among the ferns are the living genera Gleichema, 
^ Lygodium, Asplenium, together w-ith the earlier forms Spheno- 
pleris and Pecopteri^; scarcely any Zami^e, but some C'oniferae, m 
Abietites, Phyilocladus(?) Sequoia, and its near relative Glypto- 
strobus^ now living in China* Of the numerous genera of dicoty- 
ledons are the %, willow, poplar, beech, oak, plane, sweet-gum- 
tree (Liquidambar), siasisafras (abimdant in the Dakota group)^ 
Magnolia, Liriodendron {tulip-tree )t some Proteacea?, and other 
living and extinct genera^ including CtYtlneria^ many of them 
having at present a very diflerent geographical distribution. 
Among others, the AMifgnolitinml LiritMienUron belong to North 
A mer i ca liy o i i gi ii , s ii ecess i on , an il pr esen ce, f t h e e igh t spec i es 

• See Leaquereux, ** Cretuceous Flnm/* p. 110; and Professor A* Gr»y, 
'* Aililress to the Americnn As^ociaTii^n at Diibueque, Ir>wa/' Aug* 1872. 

t Lefquereux: remttrk* that *' the e**eutial types of our aetunl Hora «ro 
itinrked in the Cret«ceoii« period, nnd have coum to ns attt'r pR.*fe*ing* wilLout 
uotablii cbrtiigei*, ihruUg^h the Tertiary iVraiiitiou!! of our eoiiiimfUt,** 
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of tme Mii^olia now known to liotanists, seven lielong to the 
western hlope of the temperate zune of North Aiut^rica* Lirlo^ 
d&ndmn^ the TuUp-tree, has m its character&j its distribntioii, 
4iid it^ lite, a great degree of affinity with Magnolia { the 
American Bpecies is the only one now known in the vegetable 
World, and its habitat is strictly limited to America* Either 
considered in it;* wliole or its separate cimracters* the tiilip-tree 
is a constant subject of admiration and wonder. It couKl Ije 
namefl, not the king — it is not strong enongh for that — but the 
queen of our foreist^j if the Maqnolia was nut there with it i^ 
digpiite the prize of pedectioii by the still grander majesty of ita 
itature^ the larger si^e of iti^ folirige, tlie elegance and perfume 
(*f its rtowei-s. Our sense of admiration for these noble trees ia 
heightened still by the dignity of their ancient origin.* 

The upper l^retaceiins rocks, therefore, by their numerous 
forms of dicotyledons strongly foreshadow tlie Tertiary and 
mcceediDg floras. As partly hearing on this poiiJt, Professor 
Lesqnererix states, as reg;irds tlie \\"estem Territories, '' in 
Sfcending from tlie lower lignitic meiisuies, where the essential 
types of the Cretaceous tlom (the Dakota group) ha%^e no re- 
pre8entati\^es, we see tliese Cretaceous types re-appeariog^ a few 
in the Upper Eocene, more in the Carbon group above, still 
more in the Upper Tertiarj', following thus an increasing degree 
of predominance, culminating, it seems, at the present time, in 
tlie flora of the eastern slope of the Nortli American contiDent.^t 

A character of the Cretaceous floras i& their apparent want of 
homr^etieity ; even when probably synchronotis, they are so diver- 
aitietl, when compared to each other, as to appear not to belong 
to the same epoch and tlie same country. On this point 
M3L Sapurta and Marinn remark, in alluding t^i tlie localities 
which have l>eeu carefully studied , '"What point of analytical 
connection can be established Ijetween Niederschcena in Sajcony, 
Moletin in Mtnavia, Q^tedlinburg and Blankenburg in the 
Hartz, HiihleQ in Westphalia, the sands of Ai^, the Sen^^niau of 
Haiisset, the 8ant.ouien of Fuveau, and the North American 
Cretaceous of Nebraska 1^'' J Professor Lestiuereux abo sliows 
that the Dakota flora, with scarcely any forms referable to 
species known from coeval formations of Europe, presents in its 
whole a remarkable antl as yet unexplained ease of isolation, 

cAuitempjmry, therefore, with tiie extensive marine deposits 
of this period — home of a peculiar nature, great thickness, and 
uniform ciiaracter, as the wliite chalk, indicEiting deep-sea con- 
Itiong — there were evidently land surfaces either distributed 

ibklands in the cretaceous ocean, or forming more or less low 

• LeapiereuXj ** Cretaeeoua Florji/' p- J2L f Ibid. p. 117, 

I ** E«Hat »iir TiStitl tie tn ii^getatian k It^pnque de mnrneji ht!<;raltiba^ do 
Gelitideji/* Par Cwuni 8wpon*i et Dr. F. A. Marioa, P. 14. | 
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phores borrieritig tlie snmew upon which grew a ve|jetatioil vtirrJ 
ing in character, and sometimes localized, accorc Hug t£» elioiati^l 
conditions ; in t^ome places sufficiently lusiinant to liecome th 
t3<iurce of flit lire beds of coal ; in other places, to bf? carried byi 
rivers or otner means and imbedded with the marine remains 
**t' the adjacent sea. This vegetation was not, howt*ver, of 
uniform character throuj^hoiit the Cretaceons period, but be-* 
came modi tied anil varied in the various sfa»(es, and with a' 
marked difference in the lower and upper periods. In th< 
lower, with the incomin^^ ttf a new marine faima, the plant- lift 
resemble^' that of the previous Jurassic ag-e ; whilst in th« 
upper, with a compai'atJve similar aspectal fauna, the cu- 
temporary ve**^tation was different from that of the lowe 
Cretaceous peritKi, and presented a land facien resemliUng that 
charact**ristic of the subsequent Tertiary period, in which th 
forms of the cotempurary marine life were entirely changed. 

In recapitulating the evidence derived from our present 
knowledge of the distribtition and character of the Cretaceoui 
tlora, it appears — 1. That in the different local i ties from which 
tlie plants have been described, while the floras have some point 
in common, tliey are more or less local i»;ed in character, pro- 
bably in consequence of different physical and eliinatiil con- 
ditiuns. 2. That the Upper Cretaceous tlora differs coni*ide raid; 
from the Loiver, inasmuch as the latter, by the prefhiiuiimnc 
of the gymnosperms, is related to and continuous^ with th 
nrevious Wealden and Jurassic flora; while the former, contain- 
i ig a few of the older forms, is marked by the abundance of th 
dicotyledon??, thus fore*^hudowing the subset^iient Tertiary floni 
3, That wliile in some areas^ the Cretacixius flora yields generi 
forms, which are now represented and living in the same area— 
as for example in New Zealand, Europe, and America — in othe 
]iiaces, as in Greenland, there are no sneh living representatives 
and again, some genera, as Sequoiu^ winch were widely die 
triVnited during the (Jretaceous period, are now restricted to j 
t*iiigle locality* 4* That the appearance of a phtenogamoui 
flora in the npper Cretaceous rocks affords a pandlel to th 
occtinenee in the same formation of the teWistian Hshes^ Ixit] 
of which clasges not only increasie in the subsequent Tertian 
period, but are the dominant forms at the present day, as show 
in the accompanying l*h CXXX, 

These occurrences may indicate either distinct ereationi 
adapted to the then existing inorgimic conditions, or» when ou 
knowledge of the earlier forms is more extended, it may 
ihown to have resulted lu^ moditication during long periodi 
of time of previous generalis</d or ancestral types, of whicf 
there is yo me evidence in the underlying Jurassic and slill aide 
foriuationg* 
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THE old type of man-of-war is now fast becoming a Uiinj^ of the 
past. Tile splendid three-deckers and swift-wiiling tVigat^& 
that earrit?d our flag t<j victory in the days of Jar vis and Neinon* 
or that only twenty years ago engaged the sea- torts of ^^^bas- 
topol and Ijloekiided the Baltic shores of Russia, will soon he ap 
obsolete as tlie triremeii of ancient Ri.ime and the ** tall galleons ** 
of the time:3 of the Armada. Already they have dlitappeared 
from the line of battle, and are relegated to the hiimblp poi^ition 
of giiardt^hips at our home pittt^ or cruisers on distant stations^ 
where their mosit, iiiierious enterprises are the linmliardmeiit of a 
village or the capture of a slaver- One by one tht^y are con- 
demned and broken up, and no new ships are laid down ty 
replace them; and already we can anticipate the time when per- 
hupfl the &ole representative of the grand old floating fortresses, 
that once formed our great nnarmoured fleet, will be Nelson's* 
ship, the Victfinf, ip^^ Ht her raooriug.^ in PorLstnout h harbour 
like somi- war-worn veteran of Oreenwich or Chelsea wht»R* 
fighting days* are over, and who is spending his old age ia 
1 » om J 1 1 rable r cti remen t . 

The modern man of war is much more than an armed steamer. 
She itt herself a great engine of destruction, provided with huge 
guns, clad in heavy armour, driven by powerful engines, and 
able to ^nd an adversary t<» tlje Wittom by one successfrd blow 
of her enormous bow, Y«^r l>y year the thickness of armour! 
and the weight of naval artillery go on increasing together!] 
mechanical appliancfs have more and more replaced manual I 
hibnur iMJth in the dockyard and on shiplMmrd; and at the same 
time llie funii of the ships them^selves has been carefully adapttnl 
to the work they have to do and the ci>nditions under w^liichj 
th<*y must act, Our first great ironclad, the Warrior^ waij only an] 
ordinary wHr-stcamer very incompletely protected with armtjur. 
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quit^ stifficiently to resist the guns afloat id foreign navieii 
aL the tiiDe- Her aniioiir was only 4| inches thick, her heaviest 
ms were 68-pouiiderB, weighing 95 €Wt< Her immense length 
■of SHQ feet was exceedtnl by that of the Mhiotimr and her si^steF 
ihip the Northumberland I but it was found that these long 
ships were not well adapt*?d for loanoeuvring in lioe of battle^ 
anil later ironclads were made gradually broader in the l>eara, 

I and shorter in the length from stem to stern. At the same time 
%'urioui ail nor improvements were introduced into the build, the 
jiiot^t iropi>rtant of which was the change of the old oblique pro- 
jecting bow into the almost perpendicular ^* swan -breast ed " 
»hape^ which is suLstantiully the mme as that of the present 
running-down bow or rara. The armoiu- was no longer restricts! 
to the midship portion of onr war ships ; it was ejctended fore 
and aft, until they were completely covered ak^ve water and a 
few feet below it. The weight of the guns steadily increased, 
and with it the thickness of armour, while turrets and the tripod 

Iiyst^em of rigging were employed to give a concentration of tire 
on any desired point. The Rdhrophoiu with 1 2-ton guns, was 
l^vcn 6-inch armour; the Hercu^les^ with iH-ton gmny^ armour 
of 9 inchess ; the Devastfitlufi carries 35-ton guns and armour 
©f 12 inches on her sides, and 14 on her turrets; and the 
Jjifiexihle^ now building at Portsmouth, will have armour two 
feet thick and four 8 1 -ton gims- 
ITiia turret ship is remarkable as the highest development 
j^^ of the modern fighting ship^for that is the best way to describe 
^Bber* The navies of Europe are fast being divided into ships for 
^V coast defence, for cruising, and for action in line of battle in 
^B great naval engagements ; and while fully available for the first 
of these purposes, the real object of the InfifLvible is the last- 
There cannot be a doubt that she will be the most pi>werful 
man-of-war ever launched, though he would be a ni&ib prophet 
^^that >%ould predict that she will not ere long be left l»ehind in 
^■Ihe race of improvement by some still more formidable turret 
^"fihip. 

The Infiexible will be 320 feet long on the water-line, and 
will have a breiidth of beam of 75 fec^t. The hull will cousis^t of 

I two partji? — the main substructure and the upper portion ; tlie 
(former lieing an iron hull, no part of which wdl be less than six 
|pr seven feet under water, it will be built with a ram-bow and 
Ipiovided at the stern with a rudder and a pair of twin screws. 
On this is erect ef I the armoured central or tighting purtJuu t*f 
tbe ship, which will have a height of 10 feet above the wat<*r- 
line, and will be 1 10 feet long. Upon its deck will be the two 
^ turrets, each armed with a pair of 8 1 -ton gims. At both ends 
^■of this midsliip section rises a lighter structure of the same 
^ beight^ but having along its centre, running fore and aft, deck- 
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houses 10 feet long and 30 feet wide ( Fig. 1 , PL €XX X L ). The | 
deck-houses bein|f prolon^jed to the bow and lit^m, will gixe a p-iup I 
and a fore<5astle for working the iinchors twenty feet ivbove thej 
water. A broa^l bridge pjiSiiiDg over the turret- deck will cimnect J 
tliem, and tluis give an even upper deck 30 feet wide and morei 
tlian 300 feet long^ e^ttending from .stem t^i stern. The positiun 1 
of the turrets in the htfiexible has been made the subject of a 
no\el arrangeinent. Thej are placed at eaeb end of the eentrai 
deck— n<it in an e%'en line with each other, but diagonally sit 
opposite eornerw of it, so that one turret is an the ^tarlK*arri and J 
the other on the p:irt side. The effect of this arrangement h I 
that all the four guns have an uninterrupted range of fire all 1 
round the horizon. In firing ahead or astern the gun^ are 
trjiined so as to ssend their &liot over the level portions of the 
deck on eitlier &ide of the deek-hout&es (Fig* 1 ), In tiring to] 
starkiard the port turret imites itg tire with that of the star- | 
board tunet bj aiming under the bridge, and vice versa. Thus 
while in all our other double-turreted .-ships there is a fire of j 
four guns on eitjier tjeani, l*ut of only two guns ahead or astern, 1 
tlie Injfexihle will be able to direct her four guns at an object 
in any direction with respect to lierself. The ship will have two 
or three masts^ j^^^y-rigged; none of the stays or running rigging 
wiU be brought down to the lower dt-ek so m to interrupt the 
fire of the guns, all the working of the t^hip l*eing carried on on 
the upper platform* Thus, by a ssinxple and novel arrangement, 
the turret-ayitem has been brougljt to wiiat we may call per- 
fi-etion* 

The hiflejr lb le wi 11 ha ve f o n r set^ of en gl ri r s . w J f h nu j i ^ m rn ** 
gate of 7,000 horse pi.wer. Her fvdl spe* - ^ 

goin^, will lie 14 knots an hour; but on 
she will Ik? alle to economise fuel by work; ^ .i, ■ ii w 

and its engines. At the speed f>f 10 kuut.s ;ta liuur shi^ wdl lir 
able to carry coals for a cruis^e of 3*1)00 knots, or twelve au<l a half 
da>'s, which is about tlie a\"erage coal-carrying power of the best fl 
^hip** of our ironclad fleet. She will aho l>e able to Ui^e some ™ 
auJcUiary s^ail-power ; and, independent of this, her trj^-sails will 
lie valuable in steadying ber, and keeping her head lu the 
wind in heavy weather, 

(.)idy the central portion of the ship and the two turrets 
will be armoured^ the former with, two feet, the latter with a 
foot and a half of armour, for even if the lightly built ends 
were ritldled with j>hot» the ship would sUll kei'j* afloat. In 
these ends are the coid-bunkers ; wlten full it would nitiki* very 
little dirterence even if water got in among the ciial. and when 
they are empty the ship would be much lighter, ami have more 
floating power. But whether empty or not, the ends will not be 
wholly unprotected, A narrow paimge will lead round tbem at 
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the water-lin6, just inside the inner skin of the nhip. The sides 
of this passage will be lined with cork, so that a shot passing 
through it will make a small clean hole. At various points in 
the passage masses of packing will be ready to be shoved 
backwards or forwards to the place where the shot has passed 
through, so as to block up the passage there, and stop the hole 
until it can be propeily plugged. The armour of the central 
portion will be the heaviest ever yet floated. It will be no less 
than two feet thick ; but this does not by any means express its 
full resisting power, for it is arranged on a new system which 
will materially increase its strength. It will be bolted on in 
two layers, each 12 inches thick, but between these there 
will be a 9-inch layer of solid teak, and behind the whole a 
heaxy teak backing, and then the iron framework of the ship's 
side. Now a shot from a very powerful gun, on striking this 
bulwark of wood and iron, would probably penetrate the outer 
plate, but in doing so it would be broken in several fragments ; 
and these, after tearing their way through the layer of teak, 
would encounter the inner plate. Thus it is unlikely that 
even a shot from the 81 -ton gun could penetrate such armour, 
and it would probably require several shots striking in succession 
on the same spot to make a Ijreach. As yet this is only theory, 
but there is very little doubt that it would be confirmed })y 
experiment. It would be well worth the cost of putting up a 
target at Shoeburyness and sending the 81-ton gun down there. 
Compared with the twelve-inch armour of the Deva8tatio7i, it has 
been calculated that the strength of the armour of the Inflexible 
is as 2^ to 1 ; but the calculation has been based only on the 
thickness of the iron, the element of strength derived from its 
peculiar arrangement being left out of account, and the com- 
parative resisting power of the armour of the Inflexible must }>e 
very much higher. With this immense mass of metal on her 
sides, with 18 inches of it on her turrets, and an armament 
of four 80-ton guns, her displacement is 10,86(> tons, but slie 
will have three feet less draught of water than the D readnoutjht* 
though that ship will carry only 14-iuch armour and four 35- 
ton gims. 

But the ram and the torpedo are now weapons perhaps even 
more formidable than the gun ; and while her armour may be 
relied upon to protect the Inflexible^ at least from any gun now 
afloat, ample care has been taken to obviate as far as possible 
the dangers of ram and torpedo attacks. The handiness of the 
ship with botjh her screws going will make it very difficult for 

* The greatest draught of water of the Dreadnought wiU be between 20 and 
27 feet Until a few weeks ago and before her change of name the Dread* 
wmgkt was koowo as the Fttry, 
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a hostile ram to give her a fair blow, Imt should sho 
injury her peculiar structure — by which she 13 divided into a 
imder and upper portion, ^ith uumeroufl wat^r-tigbt coiuimr 
ments — wiiuld keep her afloat even with a large breach in h 
wide* In addition to the ordinary bulkheads runnina^ aeross tU 
Bhip, ehe will have one dividinj^ her amidshipe in the directia 
of her length, and separate bulkheadt^ Bpeeially constructed t 
ii^olate and protect the engines and boilers. In alL slit? wl 
contain no less than 127 water-tight compartments; bu 
numerous as they are, care ha.^ been taken to plan them so \ 
not to interfere with the working of the vessel* The bott4i] 
will be double^ and divided into several cells, in order to pr^ 
vent any extens^ive injury from the esEplosion of a torpedo. 

The armament of the Infie^uhk will be composed of four i 
the heaviest grmB ever constnicted, of which the experiment; 
SNton gim now l»eing tested at Woolwich is the type* Fig, 
is a sectional i^keteb of the gun, showing the arrangement i 
the wrought-iron coils weklecl round the massive eentnd stei 
tube* This tnlie, whieli farms the core of the gun, is bored ou 
of a solid ingot, which cost al>out 1,700^ The bore is 24 
long, and rifled from the muzzle to within a few feet of the 1 
of the tube, where the unrifled portion forms the powdi 
chamber* The greatest external diameter of the gun is 6 ft ; a 
tlie muzzle it is just 2 ft* in diameter* The full calibre of th 
piece will be 16 in. The experimental gun has as yet been onlj 
bored out to 14 J in. ; for the fiecond series of ejtperiments i 
will be given a calibre of 15 in. ; it will then he Ijored to thi 
full calibre of 1 6 in. and finally tested. Meanwhile the fon 
guns which are actually to be mounted in the turrets of th^ 
lufir^rible are in process of manufacture at M'oolwieh Arsenal 

The following are the approitimate weights of the charges an< 
projectiles for the various calibree of the 81-ton gim; — 
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The 16-iu, shell of the 81 -ton gun will weigh nearly thrt*< 
quarters of a ton ; the burst ingf charge will be about a hundre 
pounds, that i^, a whole barrel of gunpowder- Only the fir 
weries^ of experiments (those with the calibre of 144 in.) is eon 
plete, and the gun is now being borerl out to 15 in* The exj 
riments occupied four days— Sept* 16, Nov, 18, and Dec. iJthan^ 
IQth* and ga\'e excellent results* The coils and the steel tut 
bore the enormous strain without receiving the lea»t injury 
displacement^ while the gun gave a very high initial velocity 1 
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Hi projectile, and there is little doubt that at 1,000 yards it 
noidd penetrate 20 in. or even 24 in. of armour. At 250 feet 
&e flat^headed bolts used in the experiments were buried 50 ft. 
ia the sandy butt at the end of the proof-ground. The expe- 
nmentg have shown, too, that the action of the pebble powder is 
perfectly under control ; that by using the \'arions sisses a greater 
Of l^s velocity can be^veu to the shot, a greater or less strain 
brought to bear upon the gun. By means of Major Maitland's 
gais-cheek all windage is stopped, and thus none of the force of 
Oie powder is wasted, and the bore and rifling of the gun ie 
mved &om erosion by the gas escaping round the shot, which 
wears out muxzle-loadiug guns more rapidly than any other 
agency. Maitland's gas-check consists of a plate of copper with 
% heavy rim attached to the base of the shot. On firing the 
charge the soft copper is forced into the grooves, and stops the 
windage* This gas-check is now in use throughout the whole 
of our heaip^ artillery* The flat-headed projectiles used in the 
trials of the 804on gun weighed, including the gas-check, 
about 1,260 lbs. The powder used in the charges was the large 
cubical pebble powder described in the PoprLAR Science Review 
in January last.* The following table shows the velocities 
and maximum pressures ia the powder chamber on each 
occasion: — 
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Mvember 10, 1876, 
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* Article, "Gunpowder, it.i Manufacture and Oonvejiiiice," 
iniliiird Atteridge* January, 1875. 
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Rounds l,^, 3 of December 10 gave exceptional results, ai 
they were firetl with a projectile of 1,460 lbs, and consequentlj 
the velocities obtained were much lower and the pressures pro- 
portionally higher than with the smaller projectile ordinarily 
employed. It will he observed that pressure and velocity in- 
creased with the weight of the charge, but decreased aa the si^e 
of the pebbles was augmented, the pressure, however, decreasiBg 
in a much greater ratio than the velocity. Thus the actioB of 
the charge is completely under control. 

It has been asi^iuned that it will be well to keep the praasure 
of the gas in the powder-chamber below 25 tons per sqi 
inch ; and these experiments show that this can he 
accompliBhed, while at the same time giving a very high 
velodtyto the shot. When the gim is bored out to its 
calibre^ it will probably give even more striking results. 

Mountal on the ordinary carriages and slides, and worked 
manual labour, these huge guna would be almost unmanaj 
able, and at best would deliver only a slow inefficient fire. But 
aU difficulties in the way of using them with good effect have 
been removed bj an invention of Mr* Rendel, of the 
Works, which will make these monster pieces of artillearf 
handy than even the old 68-pounders, 

The leading features of the arrangement are shown in fig, 
Two guns will he mounted side by side in each turret. Ead 
gun will be mounted so as to be supported on three points, 
The trunnions will rest on blocks sliding on fixed beams bolted 
doi^Ti to the floor of the turret^ while the breech will rest on a 
third block, sliding like the others between guides, upon a beam 
or Uible, Behind each of the trunnion-blocks, in the line 
recoil, are two hydraulic cylinders, connected with thei 
by piaton-rods. The cylinders communicate by a pipe, 
which there is a valve, that on the recoil of the gun opens 
fdlows the pistons of tie rams to nm back slowly, checking tl 
recoil. By reversing the apparatus, the gun can be run oui 
again. The beam on which the breech rests is supported by a 
third hydraulic ram, fixed verticaUy beneath it in the tiuret. 
By this means the breech can be easily raised or lowered, thus 
elevating or depressing the muzzle of the gun, which pivots on 
its trunnions with a large preponderance towards the breechi. 
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In order to load, the muzzle is depressed until it comes opposite 
to an opening made in the upper deck before the turret, and 
protected by a sloping armoured glaciB, A hydraulic rammer 
TOfks in guides through this hole, and the rammer-head is 
ballow, and is so constructed that wlien it ia driven into the 
recently fired g^ui, and comes in contact with the sides of the 
powder-chamber, a valve opens, and it discharges through a 
number of holes small jets of water, thus acting as a sponge, 
aod extinguishing any remnants of tlie charge or of the products 
of the eiplosion which may have remained smouldering in the 
kre. It is then withdrawn, and a hydraulic shot-lift raises up 
to the miizzie of the gnn the charge, the projectile, and a 
n^LBinmg wad, and then a single stroke of the rammer drives 
them into the gun and home to the base of the bore. Again the 
maimer is withdrawn, the hydraulic ram under the breech of 
tiie pun elevates the muzzle, the turret swings round, and the 
ibot is fired, A 9-inch gun, mounted experimentally in a turret 
ilEliwidc^and loaded on this system, was brought to the load- 
mg position, sponged, loaded, and brought back to the firing 
point in twenty-three seconds. Equally rapid loading was 
effected with the 38-ton gun during the experimental trial of 
tie hydraulic gear on board the Thtinderer. Thus the first 
advantage of the system ia rapidity of fire ; the second is 
trcotjotny of labour. One man only for each gnn is stationed in 
the turret, another works the hydraulic rammer on the main 
deck, six or eight others are employed in hringing up the ammu- 
nition to the shot-lift by means of a small tmmway> There are 
twasets of loading gear for each turret ; but even if hoth were 
pat out of order, the gun could still he loaded, with an ordinary 
mmmer and sponge, by a number of men stationed on the main 
deck. 

The adoption of the system enables very heavy guns to be 
carried in comparatively small turrets. Those of the InJlexihU 
are very little larger than those of the B&vmtatimi ; so that 
with the old plan of haWng a numerouB crew in the turret, and 
ing in the gun in order to load it by hand, only the 38-ton 
could be carried. As it is, it is quite possihle that the 
^ifi^xihle will be armed with even a more tremendous weapon 
than the 81-ton gun. This has been held in view in designing 
the ihip; and, by a slight modification, it will be possible to 
mount in each of her turrets a pair of 160-ton guns, with a bore 
of 30 feet and a calibre of 20 inches, 

A minor feature, which will perhaps be introduced in con- 
nection with guns of large calibre, is a steel plug containing 
within it a detonating apparatus for tiring a charge of powder. 
This is intended to be fixed in the vent of a heavy gun, in order 
to prevent the upward escape of the gas and the conse«iuenb 
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gradual erodon of the TeuL Tliis erosion Terj rapidlj mAe 
the ventj and at last disables the gun, and the fire has 
be suspended until it is reveuted, Tims this system of firitjj 
which has been invented by Capt, Noble, fi,A.j would greatl^ 
increase the efficiency of the gim. 

Some idea of the amount of ammunition required for the 
81-ton gun will be given by the following calfeulation z- — ^Let lis 
supper that in an action the InflexiMe would fire only ten shotd 
from each of her guns; she would use up more than 1,30C" 
worth of ammunition, bum upwards of 100 barrels of pebbl 
powder J and hurl nearly thirty tons of iron at the enemy. 

As a new type of man-of-war, we may sum up the leadini 
features of the Inficxibh as follows i — The armour is confined 
the centml fighting portion, and to the main substructure whicl 
floats the ship, ^ armoured deck, seven feet under water, 
divides the vessel into two separate portions. The unarmoured 
ends are so constructed that the vessel will float even when 
they are penetrated* The ship has a wide beam and a com- 
paratively Ught draught* The deck-houses give a high boi^^ 
and stem, and the turrets are so arranged as to enable aljH 
four ^ms to be fired both ahead and astern, or on either l>eam. 
The Tnfiemble has been accepted as the type of our future 
line-of-battle ship; a few years may perhaps introduce iut*i 
naval warfare such changes as to render the principles 
on which she has been constricted obsolete. But with our 
preeent knowledge no better design could be adopted, and 
already the Government has determined on immediately laying 
down two new ships of the same type, but of smaller size. They 
are to be called the Ajtw and the Agammivmi, Their di^ 
placement will be about 8,000 tons^ — that of the hiflexihls is 
U,000. They will carry 18-inch armour on the central section, 
and two 38-ton gims in each of their turrets. 



NoTiL— The deck-plan of the "Inflexible" ia only a rough aketctt in- 
tended to show the Rrmngeraent of turrets, <tecl;s, i^c, in order to ohtoiii m 
tire, ahcadi astern, and on either beami for all four gim§* 
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>0S3IBLY there is no branch of fuogology so little under- 
stood as the reproductive process in the Synieno^nycetea^ 
which fatnilj our commoo mushroom is a g^ood example* 
Professor Sachs, in his recently puhlished "Test-Book of 
Botany," in referring to the Basidlomymtm (of which the 
H*jfii^iL0mymtm is one family), says: *' Although the largest 
mnd most beautiful fungi belong to this order, yet their course 
of development is at present only very imperfectly known. In 
contrast to the variety of form occasioned by the alternation of 
genemtions in most other fungi, and to the singular pheno- 
mena of the mycelium of the AscomyceUs^ it ie remarkable that 
dmihir processes have not yet been established in this class. 
The origin from the mycelium of the usually large receptacles, 
and their further development^ are known in their more con- 
gpicuous features, as is also the mode of germination of their 
basidiospores ; but the history of the mycelium before it foims 
the receptade is still unknown, '*■ I must therefore," says the 
professor, " content myself with a few morphological explana- 
tionE of the development of the latter in the most striking 
forms of the Hymeiumiyceies and GasteromycetesJ* Unfortu- 
mtely for Professor Sachsj the English editors of the " Text- 
Book"' refer to CErsted's observations of the reproductive pro- 
€eti in Afjaricus vaHahilis as reproduced in the " Quarterly 
Journal of Microscopical Science^' for 1868, p, 18. As ffirsted 
founded his conclusions upon mycelium gathered from a mush- 
room-bed where A* variabilis is (as far as my experience goes) 
never found, his deductions lose a great deal of their value. 
Indeed, nearly the whole subgenus to which A* 'miTmhlUs belongs 
is peculiar to decayed wood and moss* Formerly A* van^ilis 
was included in the subgenus Crepidotus, but Professor Elias 
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Kri^, of Upsabi, following the ^iews not long since published 
by tbe writer of these lines, now plac^ the species in a new 
Eubgenus of Agaricus, — Claudopua {fft^ineTt^aini/cetes Europm^ 
Epiarisms^ p. 213), and says, under AgaricuB {Cland&pus) 
variabilis : " Ad ligna et Iruncos emortuo^, praecipua 
Abietis/' 

In illustration of the hymenium, or reproductive surface of 
the gills in the Hytiienortiycetes^ Professor Sachs gives a figure 
of the minute structure of the common mushroom (Agaric^^ 
camp€8tris)* BnU unfortunately, the figure and d^cript|^| 
alike are far from correct* Sachs says the basidia in tflP 
species produce only two spores, whilst in other HyTneftiomy* 
cdes the number is usually four, and the illustration is made 
to accord with the description* But the fact of tlie case is that 
there are four spores produced in each hasidium iu Agaricus 
eampestris^ and this fact does not apply to A . campestris alone^ 
but to every variety of it, and every variety of its numerous 
allies, of which the common horse mushroom {A* arvensiBJis 
one. The nature of the hymenium of the conunon mushroom 
h correctly figiu-ed by Dr* M. C, Cooke, in the '^Populab 
SciEKCE Keview" for Oct. 1869, PL LIII* fig, 14, where eacb 
Imaidium is shown, furnished with four (not two) spiculei. 
Each of these spicules normally bears a spore, but it is a com- 
mon thing in Agarics for the four spores to be produced two at 
a time, diagonally ; as the first two spores become ripe, two 
other and younger spores appear ou the &piciiles at right angles 
with the first, and the two latter push the two former off* 
Sachs was evidently unacquainted with this fact. Seeing only 
two spores at a time on the basidia of the mushroom^ he over- 
looked the iact that two had already been pushed off, or were 
not yet produced. It ig, however, quite common to see all four 
spores produced at the Eaine time in the mushroom, so that 
there ia not the slightest fouudatiot for reducing the basidia in 
Agm^ieus campestris to the production of two spores cmly. 
L© Maout and Decaisne, in their '' Descriptive and Analytical 
Botany," p- 953, correctly ligiu^e the basidia in A^ campestris 
with four spores ; but, unfortunately, the description of refer- 
ence to the basidia and the analogous organs (cystidia) is far 
from correct. These authors are still more incorrect undei 
their description of Geiister hytfrometrieus (p. 956), one of the 
starry puff-balls, and, like the mushroom itself, one of the 
Bimdioviyceies, This species is described liy Le Maont and 
Decaisne as a hypogeal globose plant, whicli, they say, presents 
the following curious phenomenon: '*when mature and still 
underground^* if the season be dry, the outer envelope, which m 
hard, tough and hygi^ometric, divides into strips from the crowa 
to the base; these etrips spread horizoutally, raising the pknd 
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ibave its former position in the groimd; on rain or damp 
mpenremng, the strips return to their former position ; on the 
RtTUTB of the drought, this process is repeated, until the 
Fimgus reaches the surface, becomes epigeal, and spreads out 
^aesB I then the membrane of the conceptacle opens to emit the 
fpores in the form of dust." This description is altogether 
incorrect; in fact, just the opposite state of things holds good, 
for the strips become horizontal from moisture, and are rigidly 
inflexed when dry. Fries pointed this out, in his '* Systems 
Mycologicum," nearly fifty years ago. These errors, in our 
best uid most recent text-books, are here pointed out, not from 
amy dastre to find fault or detract in the slightest degree from 
two thoroughly excellent works, but simply to show how 
difficult it is to make new and correct observations- In the 
fidlowing paper and* the one recently published by me, on the 
reproduction of CoprinuB nidmtuSf in the " Gardeners' Chro- 
nicle" for Oct* 16 and 23, 1875, I have, to a certain extent, 
broken fresh ground- My views, although long since fore- 
ihadowed by various competent botanists, are yet different 
from those now generally held regarding the reproductive pro- 
one in the Ba»idi(miymteii. If I am in error as to my supposed 
&cte| or the deductions 1 draw from them, I am at least in good 
aompany, and I have not warped any of my observations to fall 
in with the previomly expressed views of any other writera 
whatever. 

The nature of the gills iu various members of the mushroom 
tribe differs very much, and this difference is especially remark- 
able in the absence or presence of the trama, and in the 
number, form, and size of the cystidia. In the genus Coprinus 
there is no trama to the giUs, The trama in true Agarics is 
formed by cells, which are of a different nature from the other 
simple cells which go to form the gills, and this trama forms 
the intermediate substance between the hymenial surfaces* 

Nothing can be more different than the interior structure of 
the gills in the genus Copriuus, and in Agari-cas lacrymor 
buTidns (Fr.). In fig. 1 is shown, enlarged 150 diameters^ a 
vertical tmnsverse section down a gill of C, radiatus (Fr,), 
which species is (though minute) quite typical of the entire 
genus. Tlie trama with its large cells would, if present, be at 
A ; but a glance at the figiure will show that the i^di^ idual cells 
throughout this section are almost identical in size. If refer- 
ence is now made to the similar section of a gill belonging to A* 
iacrymabunditSj Fr. (and shown on PL CXXXIL), the nature 
of the cells at A, which go to form the trama, will be quite ap- 
{Mnent. Wide differences of cell-form like this are common in 
Ae mmhroom tribe^ but tlie difference of form as found 
miODgst the cyetidia is still more striking. In CoprhvuM 
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utrammtariMS (Fn) the cystidia ;i " V « d bo laige that each 
individual cj&tidiiini would bold \s elf more than WO of 

the ordinEiy celli which go to build up the pileuB* These facts 
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Verticnl section nnd stirfhce (F) of Gil! cnkirfed 150 diii. 



regarding the cap and the hymenial surface (to 8ay iiothii 
the gills often completely separating from the horny hyi 
phorum, as in Paxillos), and many other known facts in rega 
to the nature of the stem and its outer surface- go far to dis-^ 
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prove the lijpothesis that the higher fungi found under the 
AgaricLQi may he geoeralised as mere concreted masses of 
moulds. Ko bringing together into a mass of a forest of Peni- 
eellium could even make an Agaricns, and to me there is 
nothing in common hetween the conidio-spores of PeDicellium 
and the basidio-spores of the Agaricini. 

The various bodies which, as I believe, belong to the repro- 
ductive process in the mushroom tribe are seen in figs, 1 and 2 
and PL CXXXII. The peculiar cells of the trama are shown at 
1, PL CXXXII,, the simple cells which form the external and 
hjmenial surface at B, and the privileged cells at c, D. c shows 
the cjstidia and n the basidia. Each basidium in the Agari* 
cim bears four minute spicules, which carry the same number 
of spores* The difference in size between the basidia and 
cjstidia is often immense, and in Agariciis lacn/mahundus the 
perfect forms of the two organs are very different from each 
other ; they, however, so approach each other in this species, 
that every intermediate form between a cystidium and a basi- 
dium may be observed. In Coprinus radtatusy as I have shown 
elsewhere, the cystidia have their contents differentiated, and 
at once produce spermatozoids ; or tliej germinate, and the 
§permatozoids are produced from a differentiation which then 
takes place at the end of the tJiread i these epermatozoids attach 
themselves to and ultimately pierce tlie spores, and their pierc- 
ing causes the discharge of a single cell from the pierced spore, 
which cell belongs to the pilcua of the new plant. As I inter- 
pret my observations, this process is carried on upon the gills 
themselves, as shown in iig. 1 , and at tlie Lime of the perfect 
maturity of the fimgus, at least in Coprinus, in the subgenus 
Volvaria, in the ordinary mushroom^ and in such plants as have 
&lleii under my notice. The basidia with their spicules and 
ipores, the cystidia germinating and bearing spermatozoids, 
and the first cells of a new plant (e), are all shown in position 
m fig. L 

Aga7Hcti8 lacjymahtmdus (Fr,) is a very different plant from 
Coprinus radiaiiia. It is one of our commonest Agarics of the 
autumn, and h usually found in damp pastures and about stumps. 
It bears a considerable resemblance to the common mushroom, 
and is without doubt often gathered for the table in mistake for 
ih^ species, but whether with any ill effects or not I am unable 
to aay. The most striking character of this Agaric resides in 
ita gills, which are always furnished with a white edge, which 
dripis with semi-milky tear-like drops. Why this singularly 
good character m not given by Berkeley in his *' British Floras'* 
or his " Outlines of British Fungology," or by Dr, Cooke in 
Ills more recent " Handbook," I cannot say. Indeed, Fries him- 
nelf (whose species it is) does not advert to this salient charac- 
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ter in his *' Systema Mycologicum," or in either editions of Ms 
famous " Epierisis/- In the •-' Monographia Hymenomycetum," 
Fries, however, says, in reference to the gills of this plant, 
*' acie albicant^ et jove udo plorante/' 

Part of a section of a specimen of Agaricua lacr^irmbundM^ 
la shown at e, PL CXXXII,, with the character! gtic drops in . 
situ on the gilb and upper portion of stem, f q. The drops are ' 
shown towards the edge of a gill enlarged 100 diameters at H, 
above which may bo seen several drops of a smaller size^ which 
may or may not at length coalesce with the lower drop* These 
drops invariably diy up on the edges and surface of the gills- 
As far as I know, milky tears peculiar to Agancus lucryTndbun- 
due have never been minntely described, neither bas an account 
of any microscopical examination of them been hitberto pub- 
lish^* 

These drops are distilled direct from the cystidia* Wh^i the 
fungus reaches maturity the cystidia protrude boldly from the 
surface of the hymenium, as seen at c ; and the apex of the 
cystidiinn opens exactly as does the ascus in Peziza. At i 
first the cystidium is filled with a thin flidd in which no gra-fl 
nules can be detected ; but at length a large vacuole 18 formed ^ 
at the base of the cystidium, and the contents are forced to- 
wards the apex i here the fluid l>ecomes p^^tly differentiated 
into grannies, and at length the cystidium opens at the top and 
discharges its contents. The protruded drop now swarms with 
moving atoms of a regular size, which I refer to spcrmatozoidi-^^J 
They are in every way identical with the spermatozoids o£H 
Coprlnus radiatus (Fr.). 

In my recent paper on the reproduction of Goprinua n^iatus 
I adverted to the fact of the cystidia falling bodily away firom 
the hymenium, and exactly the same phenomena holds good in 
Agarimts lacrymabundvs; for if a drop of the liquid from the 
gills is examined under tbe microscope it will be seen to swarm 
with free cystidia which have dropped into the finid from the 
gill8; this liquid not only abounds with spermatozoids and 
systidia, but it also swarms with spores which have fallen away j 
from the basidia, as seen in PI- CXXXIL fl 

If tbe spores which have fallen into tbe drop are examined*^ 
they will be found to be very different in aspect from the spores 
as they are seen upon the basidia ; for whilst the spores in the 
latter position are perfectly plain in outline, as seen at J, en- 
larged 2,000 diameters, the spores within the drop arc studded 
all over the surface with the spermatozoids discharged from the 
cystidia- Not only are the spores studded as shown at K^ but 
they are pierced tbrougb the external coat by a fine tbre 
protruded from the spermatozoid. The effect of this is that j 
single free cell is soon after discharged from the spore, and thii 
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floats about in the drop, leaving the exospore quite € 
This single transparent cell^ which is three or four times the 
fiize of the original spore, and is the first cell of the pileus of a 
new plant, is in its turn commonly attacked and pierced hj the 
Bpermatozoida- Sometimes a spore ia surrounded and pierced 
by a large number of spermatozoids, whilst at other times it 
receives the attack of one body only ; this is, however, sufficient, 
for I have frequently seen the first cells discharged from the 
orifice made by a single spermatozoid, and the latter body again 
pusb^ out by the cell, The spermatozoids which have a single 
turn of a spiral revolve rapidly, and, when they come in contact 
with a spore, not unfrequently creep with an amoeba-like move- 
ment over the surface, before they discharge their contents into 
the protoplasm of the spore. These bodies, m seen in Coprimia 
nuliatus^ are shown in the accompanying figure, enlarged to 
1,000 and 3,000 diameters, and they are precisely the same m 
Arjmricus lacrymahundus. When the spermatoisoidb of the latter 
species emerge they are dark brown in colour, and here they 
resemble the spores ; the at first colourless contents of basidia and 
cystidia alike become at first differentiated and then oxidised 
on exposure to the air. In a minute species like Copri/ti'us cornea- 
iii^, where the growth of the plant is very rapid, and hundreds 
of generations are produced in one season, new plants are rapidly 
reproduced from tlie epores, and the growth can be watched ; 
but in 4i?^T't(?w^ lacrymabn7ulus the case is very different, 
for it Is probable that it would take many months (if not 
a whole year) to grow a perfect fungus belonging to this 
species from the spores. It must also be remembered that 
although this Agaric produces many millions of spores, yet 
the plant does not increase in actual numbers ; for if all the 
spores produced plants, then in one year tlie world would be 
covered with tliis species only. For one spore which grows, 
hnndreds of millions must be failures. In a former paragraph 
reference was made to bodies intermediate in form between 
cystidia and basidia, and bodies of this nature are common on 
the upper part of the stem in Agariciis lacrymabundus ; they 
are shown on the natural size section at g. The bodies in 
this position secrete and distil a semi-milky fluid, which they 
excrete in drops, which drops are invariably dotted all over the 
upper portion of the stem. It must not be thought that this 
distillation is peculiar to the species under notice, for it is a 
character (though till now unpublished) of whole sections of 
Agarics* For instance, certain groups coming under Tricbo- 
loma are described by Fries as " lamellis decolorantibus, rufo- 
maculatia 1, cinerascentibus." Nnw these brown spots on the 
gills, when examined under the microscope, are seen to be pro- 
duced by a liquid which changes colour, and which is diBtilled 
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from tbe cystidia; and it is quite possible that the same phe- 
QomenoB holds good in many otJier fungi, as in the tears of 
Mertdiua lacfymanSy and in the drops found upon soch specieg 
as Pdyponis dryadmiB^ P. kispidiL8j P- tmtioularis, and many 
others. It eeems probable that in some species tbis liquid, 
which by a diflferentiation producea spermatozoidsj also sends 
the spores into a temporary resting condition, and that the 
spores rest before germination, just in the same way as many 
eeeds rest. This would explain the great difficulty of getting 
some fiingiis-spores to germinate. Under any circumstances 
diverse fungus-spores resemble eeeds in the fact of some 
germinating at once, wbilst others will not germinate till long 
pedoda of time have elapsed- 

On examining the semi-milky drops as seen on tbe stem, 
I have been unable to observe any production of spermatoaioids, 

I but these intermediate cystidium-like bodies are expelled from 
e etem and fall into the drops of moisture distilled. This 
a state of things to be expected, for as these bodies belong 
"to neither basidia or cystidia, they are as a consequence quite 
as unable to produce spermatozoids as spicules and spores. In 
Agarics and Boleti the stem may be considered as a mere barren 
hymenium; when the stem is striate (as it commonly is), these 
BtrisB represent the absent gills ; in species M^th decurrent gills, 
the fruiting surface (as in Agarietis pnmulvs) sometimes quite 
reaches the ground. When the stem in Boletus is reticulated, 

I the reticulations represent the absent tubes, so that it should 
he a matter of no surprise to find organs pertaining to the 
'liymenium upon the stem. The external surface of the pileus, 
for tbe same reason, often bears besidia and spores, and the 
stnffed stem and cartilaginous bark answers to the trama and 
bymenial surface. An Agaric or Boletus with the pilcus and 
gills arrested would answer to a Clavaria bearing fruit all over 
the club, and abnormal Agarics are sometimes found in this 
condition, whilst the simplest form of Hyvieiiomycetes is where 
a merely filmy hjrmenium is developed, as in Hymenuk. 

WTien it is remembered how innumerable are tbe myriads of 
spores and spermatozoids set free every autumn, and how pro- 
Imble it is that hybrids of every degree are produced from these 
bodies, the diverse and almost countless forms seen in the 
mushroom-tribe quite cease to be a matter of wonder. Without 
doubt the spermatozoids of some species commonly pierce the 
ipores of an ally, and so produce plants intermediate between 
one specie and another ; such forms are an everyday experi- 
€iice with fungologists and lichenologistSj and the more one 
knows of species as species the greater are the difficulties to be 
cunnounted in correct naming. Fries himself says, under 
jJlyeenai that he has osly given the best marked species, and 
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that be knows in his mind many other apparentlj distmct 
iorma and species which he has never published. Our crypto- 
gamic floias require cutting down to at lea^t one-fourth of 
Uieir pi-esent dimensions by some competent botanist, who is 
well acqimiiited with species. In the majority of instances 
tlie species are so ill defined that it is the easiest possible 
matter to gather plants which it is simply impossible to refer 
to any described fungus, simply because the specimens gathered 
belong to none. 

The sporei as found amongst Agarics^ I consider female in the 
Bense of its pertaining to the female in the same way as an un- 
impregnated ovum may he considered a female organ whilst 
itiU attached to tbe mother, and the spermatozoids male, as 
pertaining to the male in the same way as spermatozoids are 
always the direct offspring of the male (as ova are of the female). 
When the spore is pierced by the spermatozoid^ tbe former is 
capable on germination of producing either or both sexes. If 
these views are correct, a term is required for the unpierced 
epore synonjmous with the ovule in flowering plants, as dis- 
tinguished from tbe seed ; and the old term sporule might well 
be used for indicating the unpierced spore. The spores in 
Agarics must be considered very different in nature from gemmse, 
or buds, and they are totally different from the conidia or 
comdio-Bpores of Penieillum and^the acro-spores of Mucon The 
latter may reasonably be compared with the bulbils of Dentaria, 
and some LiUacese; but the nature of the basidio-spores (and of 
the hjmaeniura which carries them) points to a very different 
conclusion* It U a very common thing for the mycelial threads 
of all sorts of fungi to break up into bead-like conidia^ and as 
these conidia or secondary spores have a certain reproductive 
power, there is here certainly a slight analogy with gemmse, 
The spores and spermatozoids in the Agaracini appear to me 
to have a strong analogy with the oosphere and Spermatozoids 
of Fucus V68iculmm^ the cjstidia having an analogy with the 
antheridium in the same Alga, I have expressed an opinion 
elsewhere that Van Tieghem's idea of male and female spores in 
the Agaricini is altogether imtenable ; such a thing as a male 
ovum or spore is as unreasonable as a female spermatozoid or 
female pollen-grain. Seeds of all sorts are capable, on ger- 
mination, of producing either or both sexes, though it is com- 
mon enougli to see one sex exalted at the expense of another. 
Even in the highest mammals the males have a trace of the 
female in the subordinate mammae and other characters, and ' 
similar characters which show a trace of tbe male are found 
in most female animals. 

In the vegetable kingdom nothing is more common than to 1 
find so-called male or female plants clianging their characters. ^ 
Malea will, imder altered conditions, carry female organs^ and j 
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es will produce anthers and pollen, wliich conclusively 
s tliat not only are ovules, spores, seeds, and eggs not in 
tliemselves male or female, but the produce itself of the^e eggs 
> inherently hermaphrodite. It is convenient to name many 
nimals and plants "male'* and "female," because they are 
almost but not entirely so. Even in the case of the Equisitacese, 
Sachs is obliged to qualify his terms of regarding these plants, 
and say that on the germination of the spores " the prothaUia 
arc, in general, dicecious " ('^ Handbook," p* 363), And on Fema 
the same qualification of terms is found, for nnder the latter 
head he says (p. 343) : ** The protfaallia show a temhnc^ to be 
dkecious." 

Several papers have been published of late on the reproduc- 
tive process in the Basidiomymtesy and the writers of these 
papers have noted (with me) the diverse mycelia seen amongst 
tlie genninating spores ; but I am convinced that the threads 
which produced antherosoids, as seen by Van Tieghem, came 
from the cystidia and not the spores. When a mass of spores 
and threads are seen in a solution of horse-dung, nothing 
is more difficult than to decide for certain whether the threads 
really come from the spores or not, and the spores of Coprinus 
radi<du8 could not possibly have been " sown " on any decoction 
without cystidia likewise falling upon the liquid. The "rod4ike " 
bodies described by Van Tieghem read remarkably like an illus- 
tration of the well-known fact of the threads of many fungi 
breaking up into Bacteria at the tips. In the many Aeries I 
have examined, it invariably happens with me that after a spore 
is pierced it discharges a single celt, which developes directly 
into a new individual, exactly as is seen in Cham, but an un- 
pierced spore may produce a tliread of indefi^nite length ; now 
if this thread is attacked by the spermatozoids, it will in its 
turn produce this single primordial cell of a new fungus, or if 
the mere undifferentiated liquid contents of the cystidium 
ehould pass over the thread from an unpierced spore, it there 
gives rise (at the point of contact) to the primordial cells. 

The persistence of form in spores, and especially the pierced 
qKfttes, under estraordinaiy conditions, is something remarkable ; 
for instance, repeated violent boiling has no effect on the form 
and colour of the spore, and in the cases where the spermato- 
Koids are attached no amount of boiling disengages them ; if 
anything, the boiling seems to make the piercing more distinct 
to the eye* I do not find conidia or gemmse resist boiling in 
this manner, and certainly no bulbil or bud from a flowering 
plant would maintain its form under these conditions. As for 
the unpierced spores, I believe their life to be of the very 
shortest duration (not twenty-four hours), but after piercing 
the life remains, just as we find life alight in an ovule but 
enduring in a seed. 
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Dr. Mas Reees liau recefntly publiihed an account of Co- 
priniis Btm*conmus (which is a rare speciet and nat British^ 
Id PringBheim'B ** Jahrbiicher," in which he has descriltecl 
and figured a sort of Oarpcigoniuin (or Aacogonium), a femule 
organ said to he produced at the ends of mycelial threads. 
This organ, according to Dr« Keess' figures, would appear to 
be fumiflhed, or not fiiraishedj or doubly fiu-nished at the apex 
with a triehouvTir, hJH -irpfan into which the Rpermato^oids 
discharge their Liuti 1.1 ^, This triehogyne, according to Sachs 
in describing the Alf^ie, is '* a long thin hair-like hyaline sac, 
which serves as a. receptive organ, and springs from a stmctuTB 
which is called the trichophore* This latter is a body usually 
consisting of several cells, in or near which the rasults of tha 
fertilisation become apparent, cell-filaments or nmsscs of tissue 
shooting out near or beneath it, forming the receptacle^ her© 
termed the cystocarp, in which the spores are subsequently 
formed. In one genus (of Alga?), Diidresnaya^ the process is 
still more complicated, inasmuch as the tubes first spring from 
the trichophore, which occasion the formation of the cysto- 
carps only aft^r conjug;itioo with the terminal cells of other 
branches/' The Carpogonia, as figured by Dr. Reess, remind 
ma of a number of spores agglutinated together with sperma* 
toxoids still attached, exactly as similar agglutinated companies 
of spores may be always washed from the dry brown spota on 
Affarieus ktcrfjjmtJiundim or the various brown-spotted Trieho- 
lomata. I am disposed to fall in more or less with Dr, Eeesa* 
\aew8, althaugh I do not know the species he has worked upon. 
The single primordial cell which I have seen expelled from the 
spore of -4* lacrym(d)undu^ and then pierced by spermatozoids 
before going into a resting state must be of the natiu-e of a 
Carpogonium< The spores commonly put on an appearance 
similar to that figured by Dr. Reess, but anything referable to 
a tricogyne I have not seen^ 

I)r, Eidam has also recently published an illustrated paper on 
the reproductive process in the Agaricini in the '* Botanisehe 
Zeitung" for the 1st and 8th Oct, last. Unfortunately, Dn 
Eidam^s paper has reference to Agariciis coprophilus (BuU), a 
rare Agaric in this country, and one almost unknown to me. 
Here, at fig, 12, PL VIIL,a Carpogonium is again suggest-ed, but 
Dr. Eidam very properly and reasonably attaches a note of in- 
terrogation to his interpretation of the figure. At the ends of 
certain threads Dr, Eidam figures what he terms sp^rmatiat 
which, though somewhat diflTerent in shape, are identical in si^e 
with the bodies I term spermatozoids. My spermatozoids are 
at first globular, fig, 2 a, then somewhat elongated from the 
unfolding of one turn of a spiral b ; and these bodies, with me, 
althf>ii;xh often produced direct from the cystidium itself, are 
' ^jften produced at the end of a long thread given out 
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I from the cystidiiiiii. With me, I find the tin pierced spores to 

Ibu^t at one or both ends, fig. 2 c, exactly in aeeordance with 

B^ Eidam's figs, 1 , 2, The ruptured end of the exospore 

Hram which the threads emerge are shown in my %* 2 c, and are 

pujcommoDly well shown in Dr. Eidam's %s* 1, 2< In Dr. 

rEidam'^ plate the two orders of threads are welt shown, but I 

[mm perfectly convinced that the second order of mycelial 

^ reads which bear the spermutia do not belong to the spores. 

rTheee latter threads are shown by Dr. Eidam to a larger scale 

than the threads from the impierced spores, and there are only 

tliree epores shown in connection with the spermatia-bearing 

ttireads. Now, although thes^e three latter spores are shown to 

nearly double the scale of the other spores, yet in each case 

ih^ wall is shcrwn nnhrokeji. This is simply because the walls 

I belonging to these spores are correctly shown in the plate ; the 

[ threads do not come from the spores (which have been merely 

accidentally washed against the threads)^ hut from the fallen 

-' ulia. In this plate there arc no less than sixteen spores pro- 

ing threads without spermatiaj and in &vBry instimce the 

' s are then shown as rupiiired. I am quite disposed toac- 

^^i^LiLSce ill the correctness of Dr* Eidam's observatiooa as regards 

^Hpe epermatia, but the speimatia-bearing threads are from the 

^Hr&tidia. Fig, 12 can hardly he a Carpogonium ; it disagrees 

^^prith Dr. Beess' figure and description, and quite accords with 

Wbat I have seen of the terminal condition of acystidiuna-thread 

aUxBia the content]^ are about to become differentiated. My im- 

pteftsion is that any Carpogonium in the Agaricini must be a 

pierced epore or an agglutination of pierced spores. These 

spores or companiei of spores raay rest for longer or shorter 

{jeriodi^ and the celk and mycelium when at length produced 

ia then analogous with a subterranean rhizome, capable of pro- 

bucing new plants from buds* 

^ It will be observed that the note^ on both the species last re- 
ferred to, as well as my notes on Coprhms radiatusy bear upon 
|dtmg-bom species of rapid growth. As dung swarms with fungi 
pnd infusona of all sorts, the greatest care is necessary in 
kperiments, or Bacteria will be mistaken for Spermatia, and 
■phaeroliacteria for Spermatozoids. To clear up some little of 
ne confusion which might arise ae to all these bodies, the infu- 
■||u are engraved in fig. 2 t^ the same scale as the spores and 
HpiBs referred by me to spermatozoids j a shows the globular 
Kertnato^oids as they are at first produced within the cystidium, 
br within the end of a thread more or less long, protruded from 
m cyatidiuDi : these bodies are at first motionless, but after being 
Kept in liqiud for a few hours they begin to slowly revolve ; this 
Imovement keeps on for several days, and is all the time accele- 
DEtad^ whilst the body (formerly spherical) now becomes slightly 
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elongated* and a single turn of a spiral is seen ati in th^ 
larger figures sho\¥n at tlie bottom of the plate; the dotterl Unes 
indicate tbe whirling^ motion of the spermatozoids. For com- 
parison with thifj, varioiii tailed and tailless monads are engraveil 
at I) J which figures may be compared with the spermatozoids to 
the same gcale on the upper part of the plate* Tliese latter bodic 
have been long known, and Mr. Berkeley, in the "MicrographiJ 
Dictionary'' (last edition), p. 20, says: '^Tlie bodies calk 
eys^tidia or polliuarla are globular or ov^al cell=t, found assuciat^id 
with the basifUa, containing granular matter, exhibiting mole 
oidar motion when discharged." In common with many othe 
botanistsj I am inclined to think this movement to be othe 
than molecular J as the eddy clearly seen round tbe revolving 
bodies indicates the presence of cilia* It is impossible to 
believe tliat life can spring from HO-/i/k the mere molwular 
movement of lifeless particles must be of a totally diftercnt^ 
nature from tlie life-movements of sperrnatozolds and infijj^ 
soria* The revolving bodies might be referred to Micrococcua 
one of tiie 8pha^robacteriaj but it must be remembered tha 
tliey are the differentiated contenti of the cystidia. It mai 
be auiwered that if the mycelial threads of fungi will brea 
up into true Bacteria, why may not the cell contents 
appear as one of tbe Sphierobiu^teria ? The question thefl 
arises, What is the nature of the obscure bodies referred 
Bacteria? Are Dr. Eidam's spermatia no other than Bacterial 
they are sufficiently like Bacteria » Are certain so-called Bac 
teria and antberozoids of some cryptogams one and the same j 
When once produced they are both very pemistentj and thejj 
are both produced under somewhat similar conditions, Thj 
spermatozoids of Agarics only appear as the fungus ha^ jus 
passed maturity, and as decomposition is setting in ; and as sooij 
m the spermatozoids are set free, tlien the material from whicij 
they spring has vanished. 

It is jiist worthy of note that certain spermatozoids an^ 
bacteria renemble each other in size and external form, tha 
they are alike in being furnished with flagella or cilia, tha| 
they are produced at a time when decomposition is jusf 
in, and that they are seen in semi-milky tluids* The , IJ 

bodies, when they become attached to tlie jspores^ or nvei 
threadsij rupture at one end and discharge a tine thread, m at 
where they ai*e shown germinating in a free etate, which i» 
uncommon occurrence, Yibriones are shown at f; those bodiea 
witb the bacteria^ ghown at g and n, are well known to 
microscopistjfi, and it has appeared to me that they are mei^ 
diflereutiated states of the old celU of tfje fungus which havd 
broken up and (as a collection of celk) totally disappeared* 
^ dotted lines indicate the movements of the bofUes^ whet-heii 
riiti zigzag, or revolving like a wheeL 
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Whether tlie fertilised spores are able to withitand great 
ncissi tildes of temperature and still not lose their vitality is 
tmkiJQwn, but if other living atoms are able to live in boiliDg 
fluids, or be frozen and still live, it should be a matter of no 
furprise to find fungus-spores passing unscathed through similar 
orders. It is reasonable enough to imagine life to be main- 
tained under extraordinary conditions, but to me most un- 
reasonable to imagine life to spring from that which is without 
life. 

As the cells of decomposing fungi disappear, various infusoria 
&t the same time swarm into being and take the place of the 
collapsed cells. On violently Iwiling these infusoria in test- 
tul>es along with fragment-s of putrid fun^, for five minutes, 
and sealing at the highest point of ebullition, I find the in- 
fusoriaj after one or two or three months, to be still alive, 
During this time putrefaction is arrested in the test-tubes, the 
decayed fragment** of fungi remain the same, and the infusoria 
lemain inert. On opening the flasks the infusoria ore at first 
motionless, and life is apparently at a low ebb, but the indi- 
vidual infusoria, as watched under the microscope, rapidly regain 
their accustomed activity, and in a few hours are as full of life 
as if they had never been boiled- The decomposing fragments 
of fiin^ now rapidly give the fluid an offensive odour. 

AMjilst able io resist the heat of boiling-point, these same 
ioftisoim are eqtially well able to resist cold, for dmng the 
frdrgts of the past month I froze decoctions of fungi containing 
infusoria into solid blocks of ice for a w^iole w*eek. On thawing, 
after this time the bacteria, vibriones, monad a, &c, were as 
full of life m before freezing. 
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L Vertical section through gills ftud stem of Agaricua (Hppholonut) 
laerjfnitthundtw (FiX XJ, Veih f, drops on giU. g, drops on 
upper part of steBO, nrituTal aize. 
Tm, 2, Vertical trans verae section through edge of giU, with dropa in 
$iiu. Enlarged 100 dinmetera, Aj Train a. b, Cells forming 
Hjraeniura, c, Cjstidium. n^ Bftaidium* n^ lowermost drop, 
containing cystidia and &pore». 
fm* fi Cells of lljmenium, c, Cj-fltidiftt containing spermatozoids. », 
Baeidia, with spores attached, iind trinngular flat crystals tom 
tht» julcea of the plant. Enlarged oOO diaraeteri?* 
4, Spore un pierced by sperm atozoida, enhirged 3^000 dij*metera. 
Fic. 5. Spore pierced bjr spcrmatozoidi?, from a drop which bad dried 
on the supfftce of the Uymenium, Enlarged 3j(X)0 diameters, 
oa 



u 



REVIEWS. 



THE PHYSIOLOGIGAr. LABORATOEy/ 

fflllE progress of the study of Biology wbich hta \mm mfide in tli 
-L country during tlse past ten years i* indeed vait, and it is, we hhotij 
guppoee, to a certain exterjt dtie to the various text-bo^llta tliM huve bea 
published and popniar kctui'ei that bare beeti ddiTeredj aa well as to ita 
movementfl made by the Unitei^ities, and lli© Government through SoutI 
Kensington, that gnch a happy result haa been acbiered. But much as hi 
been done, we fancy that the futuie ItKjks brighter than evor, for wa do jiq 
think we ihall exaggerate its importance when we a-^ei'l that the boa' 
which has been Lasued by Profei^or Huxley will do more to spread 
general ta&te for biological pursuits than auything that hai beretofore 
publiibed. For though the aystem described is of course that which ha 
been followed in ProfesBor Huxley s laboratory, yet we niust remeuib 
firstly, that tn order to have access to that fountain-head tbe student nw 
necessarily be living in London-j and eecondly, that even if he were 
towtiiman, and a young one, he would have the extreme diftieuUy 
surmounting- those narrow prejudices which liave b{?en raised againat Hberai 
ttjaching by diatingiiished members both of the Churches of England 
Home* For it h idle to pretend that the discouragement which these t^ 
Churches have offered tn free and non^fiectarian ectentific teaching have m 
been attended by the mo^t injurious result*, Aud it must be openly coo 
iessed, that great m has been tbe success of the admirable system of teachin 
carried out at South Keusingtou^ it has not bad that full and eomple 
measuru of beneficial results which would have accrued had it not 1 
distinctly, if not overtly, opposed by the two sections of the r^ligiou 
world to whom we have already referred. It Is, therefore, for these reafioa 
that we believe that a book lilte that now published will do much towa 
the epread of natural science — and not mere bookworm cramming— for 
will enable anyone who masters its dotaila to say that he has got no inc 
flidemble knowledge of the scietice of Biology* We do not know t^ 
Professor Ilujcley did not issue the book with bis own name alofit* uptm ilj 
tllle-pnge^ for we are sure that most of the work ia i^m hia pen. But, bo 



* *' A Conr&e of Practical Instruction on Elementary Biology/* Bv ' 
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Kias it mny^ it h without doubt a pt^e of work novel in lu kind and 
IkiQiOa^bly well t'xecuted^ and withal it is n. work which cannot fail to make 
iSne gpnaa in the Libomtorj nl South Kenmngton more sought after than aver. 

And what is the plan of this hook, it will be inquired F It ia eimply 
th«t which aDjODe who has gonn thKtagh & little elementary Gaut&b nt 
timning can readily master. It Is constructed on a plan entirely OTi*/«?w!m, 
and it i^ intended to gire the reader who worka with it an accurate inuight 
iBto Biology generally. Therefor© it is, of course^ a work which deaJuwith 
both Vegetable and Animal life* It ia divided into thirteen chaptarsj in each 
of which is diaciis&ed the follow iug^ subjects, and the last section of each 
chapter ia devoted to what ia ttToied Laboratory work— ilt;. to certain obaer- 
vations and experiments tried upon the aaimal or plant under examiaation, 
IB order to make out practically its struct urea and functiona. The hrst of 
these is on Veastj which is dealt with rery fully and very practically ; and 

en foUow the other aubjects t I'rotococcua, Amceha^ niood-glohule, Bac- 
Penicillium, Mucorf Stone worts^ the Bracken fern, the Bean- plant, the 

U-animakulei the Hydra^ the Fresh-water Mussel, the Freah-water Oray- 
fisli^ the Lobster, and last, but by no meana lea^t^ the Frog. Very naturally 
the anthor baa dealt more fully with the amphibian than any other animal 
or plant, becauao It ia the only vin tebrate animal dealt with in the book, and 
it is univerfully abundant, and is so easily chloroformed and then '* pithed," so 
that pain is thus completely prevented. The preceding animala and plants 
occupy 151 pages of the hook, while the frog talces up the remainder of the 
TOlujue, minus three paj^es ; that h to say, lOli pagua are devoted to its de- 
scriptJTe anatomy, which ia mituitely dealt with. In fact, there ia an ela- 
borate account of the general anatomy of the fifog, which ia completely 
diseected, including its brain, nervea, muscles, and Tascnlar tissues. And 
fufther, the author treats not only of the structure of the animal ao far as it 
may he followed by the naked eye, but he deals also moat fully with its 
microacopic anatomy, and, ia thiii instanc*^ as in all the others, makes the 
Ifthoratory work follow the anatomical deacriptioa* And both of these 
sections are dealt with aa those familiar with Professor riu;!cley'a work 
readily imagine for themselves. Whether it is the examination of 

e blood, or the preparation of the vascular ay stem for diaaection, or 
method of cutting in order to expose the brain or the eye, or the beat 
e of going to work with a view to properly examine the epithelium, or, 

ally, the practicfll teaching in reference to the phy Biological properties of 
lUacle and nerv(>, in all these we recognis*^ at once the practical skill as well 
as the scientific knowledge of a nuisier-mind* 

Throughout the other part of the book we observe the same thoroughly 
praeiised band in the working of the several sections. Thia is what is so 

uabk to the student, as, for example, when there are given thoe© 

ts aa to the Uife of oamic acid £olution in dealing with the Infusoria, the 

mode of killing the hydra, the |2uarding the brittle with wax, the 

ination of the circulatory iipparatu^ in the lobster, &c. &c., all of which 

int to the decidedly practical form of the work. We are glad to Qotieo 
that i a speaking of magnifying powers he uses the detinite expressions 
I or ^ or J of an inch objective^ and that there are ordy one or two instances 

which the foreign method of designation, such as No, 7 or 8, is employed* 




XLAE JSCIH5CE BKnEW. 

W* M^ iunj thrtt i:ngli.*h mit^rnseopists witt be twr pmtefni 

Iftixl^y for Itating" mfule a ^tarid against the ^bsiod sivtiKkdof 

now rwlrjptj*d by ninny of ant tiiMalogicAl wjitcrm We tsppdOT it 

bnTi) bof^n impcmtibUi ta intToduee woodcmU into tmdk « Tdlttne is tim 

prrMnt onup dthnugli It would be of ^mdoubldl IfoptirtAStc^ Ci> t&a Ptistol 

who f*» i^Tinrjint of lb« tliiiemnt forma he U looking' for. Ilawwro', wt Mf, 

in mnchulitig Urn i»oiierft*et iitjtic© or a Vi?ry ttiiprlAiU vMaine, 

lb fink » to tbrt two j,^*njti<!meij— Profetwor Huxley unci Dr. Mftititk — w!w hm 

Ubourod *o wi'll for mit advaDt&g«* 
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ALTiitfVOll tbi« book b ciilkd a iecond ediibn It b f^allj-, so Ikr aa tbe 
gent* ml ptifiHc 14 conrerniidf ttic tlr^nt dine tbat tbe work hm btea 
iMHed* II iJi truo tbtit it whs t\mi iiubti(»bLHl lu tbii '' Journal <*( the Linneflzi 
fiookity/' but thtm aunb pub Hen lion uu?r<ily i^ applies tb*^ book to tlie F«llo^ 
of tbnt Hoci^tyi whlUl in iCa present form it U '^ comeat&blo '' by t 
wbolii world. It cetrtiunly Jippedrato ua b wtnidt?r that Mr, Darwia abouM 
bjiTo knpt niK^b nn important ligbt undor tbc bu.<;bel of n Society *ji piibli 
CAtloni, nod thikt, tim, fur no Iqpg a penod. However, now tb&t be bSB 
^?rn u* tb(» work in n clcnrcr form, with additionul facts, And with the lew 
but clinur unfmvingj* IVoin drawings by bis *oni (leorge Dftrwkj we li%r« 
only tri tiifvok lunit m we biiv« rdwuvs done, for the impoifcanca of hk 
libotir"*, I'bn presont bouk bni^ au oppocial v^\m over the earliei edition^ m 
tba.t it Inki'M tip ibn point which ha^ b(*on so nbly di^euased by Profeasof 
Sficba in luM recently transbui>d **lVxi-bctok of Botany/^ oi the caiuie of lb« 
tnf»lJon of tomlrilf*. It W rt'iiifirkftbl^, too, that Mr, l>ftrwiii dMers* irooi 
IVoftJidur Snchi m to tho cmist? of et^rtniti movem<?iits of the t^oidril, and its 
Uiift tt Appiurw lo un that tbere is much that ia reoscmable in Mr. Barwiu'd 
vi«w« Tbi^, indeed, ia the niiiBl in tiffed tin|^, b«;cauat} the moat novel, purl of 
tbif iKJok* " Siidi*/- bo say*, '' attributes all tbe luuveinenta of teDdrils to 
rapid grr>wtb on tbe Kldw oppyjjtt** to that which beuomes concave* '] I v 
niuvtuncou tonmist of risvohini,'^ nututioti^ tbe bending to and from the li^m 
anil in oppo*iuon Ut gTn\h\\ ibose caused by a touch and spiral oonttficii*>n* 
It 1^ ritfih U* dilXvT frum wo great an autboritj, but 1 eannot bulieTe that o^e 
ttt kajit of these int>Ti>nient4 — c«ir?ature from a touch — u thua canaed* In 
tbii th-Mt phici!, it may be remarked that the movement of nut&tioii difr«l« 
from ttmt due to a toueb, in so far that in sumtJ caiea the two piwemam 
aei|uirifd by thtmame tendril nt diflWent perii>dtt rf gi-owth ; and thf+ Kuwi* 
live part tpf the tendril doew not appear cupahle of nutation, One of my 
rhiiif rnaMon^ for douhtinp wkf^ibei" the curvnture IVonj a tjt>uch ia tbe result 
(kf ^rowtb h tbe ♦*\traordinnrv rapidity of the movement I have seen the 
extri'n>ity of a tendril of Inmjim'tt grudik after bein|t touched distinctly 
bent ill 25 aecond^ and often in ^D ieeond&j nod eo it \% witli tbe thicker 

• *' Tb** MovemeuU and Habita of Climbing PJant^.'* By Charlei 
liar win, M,.\., KR^S., iS:e, 2iid edition, rev if ed, with illustratlana* Lou- 
John MurriiVt ISTo* 
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tffidiil of 5h?yoi. It appeara hardly credible thftt tteir outer surfaces could 
ki?e actuftllj gMwn in len^^bj which implies a perrnftDeot modilicjitiou of 
iHucture, in m abort a time. The growth, moreover, on this view inu^t he 
coitaderable^ for if the toucb has been at all n>ugh the extremity ia curled 
ID two or three minutes into a spirt? of Bevernt tuTna.'^ It must be at ouca 
eonfee^d that in regard to thiB «^uestioti the probability of the argunieut 
hciia on Mr, Darwin'a side. For it ia utterly impfissible to iuppose that any 
development of tissue could occur in bo short a period of time. But this 
lA only one point of interest in the work before uf, which containa many. 
For exiiniple, there h the curious fiiet that a clinibiag roaa will nsceud the 
walls of a hoUs^eif covered with trellis, v^ithout there being anyejtplanation 
olthe fact, Mr* Danvin ?ays : — *^ How tliis is eilected I know not ; for the 
yoting ihoots of one such rose when placed in a poc in a window bent irre- 
gularlj towards the light during the dnj aad from the light duiing the 
itiglil, like the &hoQU of any cotnmon plant; bo that it is not e»&j to 
midiet^fUid how they could have got under a trellis i^lose to the waM." And 
we do not see that Professor Asa Gray has done very much to help us on this 
point, though Mr. Darwin thinks he hiis. Indeed, we are very much dis- 
plt»ad to consider that the tendency of certain climbing plants to creep along 
«tid to ahow an apparent knowledge of the parts on which they are growing 
ii only to be explained by aasumbg the poiaesaion by plants of certain 
powujs that have been hitherto allowed by Biotogiitd to exist in animals 
ftlone. And we think that anyone who cnre fully reads tbia book will see 
that it 18 utterly impossible to e^tplain certain motions of plants by the 
ordinaij rules of hotanists. We should have liked to quote the author*a 
-^mmaiy on this very importnnt point, hut as we caimot^ w*e would eapeci- 
Kj^Uy direct our readers' attentiim to page tl02t aud that of succeeditig pnra- 
grapha* We cannot do better than conclude our notice of this excellent 
book with the following quotation r — ** We 6&e how high in the scale of 
o^p&Isation a plant may riae when we look rst one of the more perfect ten^ 
dril-beafers. It first places its tendrils ready for action as a polypua placet 
iti tentacula. If the tendril be displaced it is acted on by the (brce of gravity 
and rights itself. It is acted oq by the lig-bt and bendis towards or from it^ 
cur disregards it, whichever may be most advantageous. During several 
dtyi ^he tendrils or intemodest or hotb^ spontaneously revolve with a steady 
iBOtioii* The tendril strikes some object^ and quickly curls round and firmly 
grtspft it. In the coiirse of wnie hour a it contracts into a !4i>ire dragging 
tip the atem^ and fonnin^'^ an exctJlent f^pring. Ail movements uow cease. 
By growth the tissues soon become wonderfully strong and durable. The 
tuodril has done its work, aud has done it in an admirable manner." 



THE DA^ra OF LIFE.' 



IN the ahoTe work Dr, Bawson baa laid before ua, in a clear and able 
manner, his views, and of tlujite aUo who coincitie with hiaiy m to the 
Datnre of a remaikahle foa^il stnicture found iu the encieut Laurentian 



' The Dawn of Life/' By J. W. Paw&on, LL.U, F.R.S. London, 1875. 
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rocJis of Cflnadfl, tbe Eozomtf the oiigin i>f which has caused aome ^itTtrence 
of opinion, and produc*>d a crop ^4 deioriptive atid coiUpov^niUlj but for the 
most part technical lit^mturt?, as to whether the structuin? was or^ttnic nod 
foTaminifoml, or th** reault of cbemicfll and mineral ajeU«ior|ibiam^ The 
object of the book is therefor© to ^ve a popular account of what h known 
as to the organic structure of the Dawn-Auimiil, ttAling the aubdtati€<9 of all' 
that hjia been preTiouslj published, and including mitn)^ irew facta iUnatm-l 
tive of points hitherto more or less obscure. The matter is arraftged midi 
the following heada : a notice of the Laurentian formation itself: the 
hietory of the discoTery and proper interpretation of the tos&l ; tba de^rfp- 
tion of the Eozoon and its mode of preservation, its conteniporariea mid 
iminpiiiato Buccesaors^ or those idlied to it by zoological afhnitr, and also the 
objections which have been iirg^d againit its organic nature- The lower 
and upper Lauren tian rocka are 30,000 feet in thickness, and the Eoiooa 
occurs in the lower ; the upper series and the overlying Iluronian being 
unfossi life roue, and together with the lower were termed the Ajtoic, from 
the supposed abaence of all living things. Hence the interest in th^ 
diacoFery of the presumed dawn of life in the oldeist of all the formAtio] 
known to the geologist, and more thoroughly altered et metamorphosed by 
heat and heated moisture than any others. Under the bead. What ia 
Eozoon ? Dr, Dawson enters into a fidl desciiption of the structural 
characters of thia form and their relatiau to olber ForamiQifera, and gire* 
the corroborative opinions of other authora, **Ita relation to modem 
animals of its type has been very clearly deUned by Dr. Carpenter. Ij 
the structure of its proper wall and its fine parallel perforations itre^mbl 
the iV^M7i4w*H/fiftf* and their allies; and the animal may be regarded as 
aberrant member of the Numnpuline group, which alTords some of th 
largest and moat widely distributed of the fossil Foraminifera." 

The objections to the animal nature of Eozoon are fairly discussed^ and 
of the three geuernl modes for accounting for its existence, first that of 
Professors King and Howney, wlm regard the chambers and conala tilli 
with serpentine as arising from the eroi«ion or partial dissolving away of 
serpentine and its replaceinent by calcite ; and secondly, that Eoioon foi 
are merely peculiar concretions; both of these are onsidered not conclusivi 
The third theory, that of filling of cavities by infiltration with aerpentine" 
accords with tbe fact that smch intiltration by minerals akin to serpentine 
occurs in fosaila in later rocks^ and tbna explains to some eji:tent the condi- 
tion of Eozoots» 

AVe may commend the book> with the excellent illustvations and dtscri 
tions, to the careful penianl of those who are interested in tb© cbaraci 
and T^al nature of the tirst presumed traces of organic life in the histoi 
of the earth, so as to understand the strong grounds tiptm which Dr, Dawsi 
and the able natural ista who support his "view regard the Eozoon as tlli 
oldest known rrotojeoon and related to the Kummulinidm, On the oth 
hand, the opponents of the organic character of the Eostoon have, fi-om thi 
point of view, given reasons for iuferring that the numnmline-like structui 
may be the result of the oggregation and rearrange uient of mineral matti 
duo to cbemicfll and metamorpbic action ; for it munt not he forgotten, 
the author states^ that the appreciation of the evidence for such a foMil 
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Bfooofli reqiima an amount of kiiowiedge of mineral, of the more humble 
tfpet of ammaJE, and of the condition of tiie mmeralization of orgauie 



HELIQUL^ AQUITANIO.E^COTCiUBnre Pabt/ 

rwmi in the same month as that in which the pte^nt notice la 
writt«D, and in the year 18t>o, that the tirst pnrt of thii splendid 
«HSj made iia appearance. And now, in the Inat portion of the jear IBT&p 
th« final " part " appears. In ten years how many mighty chaogea haTe 
taktn place F The two great lendera of Geological Science have within that 
period gone to their last resting-pkce, and the two diadnguished men — M, 
E Lartet and Mr, Christy — whose names appear on the title-page of this 
work bate likewise rendered their accoUDt to Heaven. Tbo volume, there- 
fore! although it h a very valuable one, is hy no means the sort of woik 
that Mr. Christy or M. Lartet would have made it had they lived. lodeed, 
if we have a fault ti> find, it i^ with the want of connection which exiats 
between the different portions of tlie volume. It partakes more of the cba- 
Ttcter of a journal to which dill e rent men contribute without the least regard 
to each other's writiags, than anything ebe. It wants the conneotiog link 
which would aurely have been presented had either of the original authoM 
Wn in exifltence. How can it be otherwise when we have thrown together 
papera by Prof Rupert Jones, M. Louis Lartet, Dr. Pruner Bey, M. de 
ftuatrefagefl, Mr. J* Evans^ Mr, A. C\ /Vnderaois, Mr, L. Austen, Dr. Sauvage, 
Br. A- Milne Edwards, Dr. E. Harvey, and Mr. T. G. B. Lloyd^ together 
with a few of the original authors' essays ? The rcivder may at first 
light consider that the editor is to blame for this. But in consideration of 
lla statements be has put forward , we at once perceive that he is perfectly 
free from censure. He says the " mammalian remains are stiU undeeorihed, 
for M* Lartet *«* notes were left in too fragmentary nnd unfinished a fitate to 
|ield a continnoufl memoir, and no other palmo otologist rs yet haa turned 
kifi attention to the subject." However, even admitting this loss, we must 
eoQfe£a that a tolerably good accomit of the people who lived in this period 
oay he gleaned from the various descriptions given ; and we may admit the 
Tfjd itltt^i eaaartion that the features, stature, character, and race of the cave- 
^ffelVtUeiB In this portion of the globe have been fully detailed. " Their babiU 
ItTA been elucidated in the descriptions of their weapons and other imple- 
laentA adapted for shooting or darting, atahbing, clubbiog, cuttinjr, chopping, 
Kmpifig, brjring, drilling, and otht^r work wanted tn either peace oc war ; in 
banting or fishing, in domestic operations ; and in deaignitig the works of 
ui which somarkedlychiuHclemed this pecuUar people of Western Europe. 
Thvir cooking stove.*?, hearths, and mortars; their bodkins and sewing 
Medies ; their personal ornaments and amulets, perforated for stringing; their 



• ** Eellqujo; Aquitaniere ; being contributions to the Arcliieology and 
Bdftoirtology of Perigord and the adjoining l^rovinces of Southern France." 
% K. I^artet and Henry Christy. Edited by T. R Jones, RlLS., FXI.S. 
IxindnTi: Williania and*Norgate, Nov. 18751 
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whiMling^ instrumenta and tbejr baUma, possibly distinctive ni' tm 
dignity — bare received much fttt*iitinii. , . * Even tbeir owtier 
ta0y-aoore8j and probsbk gnmblinir toolj* bftve been recognised and described. 
How thej made tbeir niajiy implements of tiint, and wby tbut atone ^tiA 
good for their puipoaes, baa iilso been explAined^*' Ijidued, not an indgni^ 
ficant feature of the book is tb** contraet that baa befn mad© by some ^f lb 
writers between the implements found in these French cnrems nod ih 
various forme that ftte employed by several saTage* even of the present dftj 
Two essays, which constitute the bullc of the present '* purt," are those i 
'* Fossil Man from La Madekine/' nnd on '*Tiie Beiudeer of Newfonivdlftrid*'^ 
They artj exceedioglj well illustrated, and though short iire to the pointj 
As to the eogravingai we have aluioat always spoken highly of tlieir execu 
tioD, Those in the present piirt are merely woodcuts, but all of the platef 
except one or two that were executed in Eng-laud, nre simply admirahk i 
all respects. In conclusion, we must not forget that a woid is due to tb 
oiecutors, who have spared no expense in bringing their brothers' intendta 
design to completion. We think that the public owe them sincere tbanli 
for theij laboui-Si aiid in selecting Trofesaor Itnpert Jones aa editor th«^ 
could not haTe better aupplied a- guiding hand. 



RELIGION AND SGIENCK* 

HERE we have a book writti^n hy a Hector upon the r^conciliAlion 
Science and Religion, and at the outset we must cooftass that it 
written in an fair and hone«Tt a spirit that il f eem? to us more detriment! 
than conservative to religious vie wa. The anthiir has attempted to n*o<Jiicil 
tbe present condition of science to bis own exalted type of Cliristinniti 
and in doing bo be hue not used a syllable that can in the slightest 
oHend tbe mnn of science * Indeed t he has gone so far in bii admissto 
that it strikes us very forcibly that to a real ntudent of science it is a boo 
which would ^o far to alter his Cbristianity , if it al re ndy existed. Mr. Gil 
has made himself acquainted with all that men of the type of Mr, Darwil 
Professor Huxley^ Mr. Mill, Sir W. Thomson, Sir J. Lubbock, Sir 
Hamilton, Professor Max Miiller, Sir Charles Lyell^^not to speak of Pa 
and many other older a nth oritieS;,^ — have written ; and he himself comes do fl 
^oni the standard that would be alone accepted by most conservati^ 
churchmen, and in giving up Pnlfly's doctrine of adaptation to special en 
and acknowledging^ Mr, Darwin's view of Natural 8election» he endeavon 
to show that be is right in the assumption that if a JJeitj in the ordina 
sense of the word does not exial, there is nevertbeksa such a being aa 
immensely superior to man*s organisation and who will not hwk on hi 
in judgment In a Pharisaic spirit, but will prove to be cDnsiderate and ki 
His argument is, it eeems to us^ wordy and difluse, and while it will cer 



• ^'Bellgion and Science, their lelaticm to each other at the li 
diy/' Three Eseays on the groimds of religious belief, by 8t*mley T 
wm^ B.D*, Rector of Snndon, in Easex. London; Longmans, 1875, 
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fcte unbelieving man i>f science it will very probably ^ve the 
i ** to ih© opinions of thosa who have gone tbroiigh iife witE 
iheir religious faith in one hnnd and their edentlQc belief in the other* But 
while we cibject to the spact* over whieh Mr. Gibaon hae taken ns, we confer 
ihsi we h.».ye been enlightened on many pointa in our journey together^ and 
WG thank him hewtily for the eitretne tourteay he baa invariably exhibited, 
Xo ihow that the author ia one who has clearly fi f^cientiiic mind the reader 
&S6A cmlj refei- to the fi>llQwing paaaage in whkb he alludea to a not infie- 
qiumt habit e^en among scieuiihc uien i — 

** Tbey talk sometimes of tracinjf things hack to their nebulc&i as tliough 
they were thus obtaining a comprehenaive view of the entire history of 
cr^tion. But supposing- that the ^lar system did originate from a nebuJa, 
hftTO ihey a right to assume this developtnent to be coeval whh the uni- 
fttteF We have good reason to think that fltara are by no meims of equal 
uidqutty, and that our own sun is not one of the oldest^ Further, that 
aebula out of which it sprung need not be thoui^'ht the primitiYe state of 
matter. It might hav*? been the result of some previous condition of things^, 
Ay a collision of two great tiosmical bodies and the vaporising of their 

Thore is another paragraph we should like to have inEerted, as it shows 
the Inoad fiews of the autJior, It is that in whith be takes to task Professor 
TWrks for hiA assertion in the Scripture doctrine of creation that ''if there 
sever wm a beginning of time the present moment could never have arrived." 
Tkeie are mnny points in the argument which the present writer would 
TOh to dwell on, but that apace forbids. He therefore bids, he hopes, tm 
ffMrtV and not adieu to Mr, Gibson, and thinks he baa with the worst 
fiuterials at command made out a most excellent brief in the presi^nt cs^e. 



POPULAR OPTlCa* 

WE are sorry to be compelled once again to find fault with one of Mesen, 
King'ji katidbo^iks, the morn eo as we feel assured that that eminent 
fino has nothing whatever to do with the work under notice further than 
thdr labours as publishers^ which are performed in a most thoroughly 
atiilaGto]^ manner. In it^a mere mechnuical details the work h capitally 
done : no fault can be found with fither the printing or illustrations of the 
book before us. But as ii popukr e&^fiy on a most interesting hrnnch of 
irptlc.% it is the most incomplete work that we have for n long time met 
^th. The author seems to be devoid of that power of popularising his 
' r wbich is possessed in so marvellous a manner by our own Tyndall. 
lit' has added to the difHculty by endeavouring to introduce elementflry 
mslhema tics, Fui ther, his descriptiijua are extremely incomplete in nearly 
J instance. Take, for ^lample, what he has to say on the microscope as 



• *' The Nature of Lipbt, with a general account of Physical Optics,*' 
By Dr. B. Lrimmel, Profesdor of Physics in the University at Erlangen. 
With 188 illusirtttions, kc. Hyiiry H, King & Co. 1875. 
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An iUuuBtr&tion. Id tbia be iutrodticea us id tthQut a po^'^^ and a balf to 
of the foreign infltrumenls, and he absolutely dismisses the subject mih 
aoy allusion to the two lenses of tbe e^e-piec^, or <?ven in the most rui 
inentftry shape or form to errors of cbrouiatic or splierical Rbberratioiij or 
th^ fact that there la eucb a cocftition as that of immersion in obj^^t-giasaei^. 
His observations on the subject of the spectroecope are wrapped in the 
aame Cimmerian darkness. And kis idea that the spectroscope maj 
** reuder important aerfica to physiology and forensic medicine/* by tlH 
fact that poisoning by hydrocvanie acid may be immediately recognised o^ ' 
it, 18 of conrse absnrd, because the b!oi)d wo aid never be examined untf! 
alJ trace of the poison bad passed away. We have no doubt that th# 
author is a thoroughly competent authority, but we are equally certain 
that be is not a populariser of science, and we therefore regret that he has 
been employed by Measr?. King, to some of whose books of tbia s«?rieB ws 
haye piveu the very highest praise* We shall be much surprised indeed ifi 
ever achieves popularity among' our Eugliah readers. 



ZOOLOGY FOE JUNIORS/ 

WE fancy that we spoke well of this book when it appeared in its 1 
edition, if so our praLse was giveo where it was due^ as tbe paaiige 
of the work through a second issue pretty conclusively demonstrnies. It ia 
a book well and clearly written and very well illusUttted^niore Ihan loO 
woodcuts— and the author has very properly placed the name of tbe writer 
horn whose works ba has taken the illuistrations after all woodcuts, tujtcept 
those which have be«D iu semce for the past thirty yearr*. Thujj w*? 
DOtice cuts from Huxley, Forbes, Johnston, Oosse, lliiicki, Ehrenb^^ig, 
Schmidt, Mulkn\ Carpenter, Cfirter, Beale, Gtinther, Diimeril, Van d^ 
HosTen^ Woodward and others, showing' that be has been careful to select 
£fom good authorities ; and the matter of the book is fi^irty compiled nDd 
many additions have been made to the Vertebrata, ^o that we can coDgratu- 
Ute the author on the euocess of hia book, which of course is aii damfo^. 
tiiry one. 



TArE-WOIlMS,t 
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rilHIS ia a book to which is hardly due a place in this Ileviow, I 

-L really ie a medical work. Still, it treats upon a subjeut of wbicli 

the author is the first scientitic exponent iu this cotmtry, and therefore 
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• ^*An Introductory Text-book of Zoology for the useof Junior G!afl» 
By H. Alley utf Nicholson, M.D., D.Sx., M,A*, Prafussor of Natural History 1_ 
the Uuiversity of St. Andrews, :2nd edition. lilackwocKi aud Son*: Edio* 
burgh, 1875* 

t *' Tape- worm ^. Their Sources. Vaiieti^St and Treatment; with one 
■ ■ " By T. Spencer Cohbuld, M,D,; FJt,S* ^f^ edition. Lcja- 

ns, 1875. 
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w»y pftHlv IftT clftim to a word or twa. Dr- Cobbold Ijaj dealt with the sub- 
ject of tape- worms and their treatmtnt, antl he hftf nearly 100 cj^b^s in 
vbieli he records ftlmoft inTnriab!*.* saccesa* In inoA of these Gms&a tbe 
OE»mmcm itiftle f^m wbs the remedy successfully employed, rmd we think 
&atif tliG preacriber ia cAutious* in obtaining a proper sanipl© of bis drug, 
Ha t^suha with this mediciije are likely t^j be j^ood. However, there 
ire Kittie instances in which the worm CRmmt be remt^ved. The writer of 
HbB ptesent notice renvemberg two casea which were ntider hia own treat- 
Jpectt — one for more th»ii three mouths — and which hii was compelled to 
twii^ unciin^d* They bad both been in India^ had been und(*r the care of 
t«y inediciil men and ** club doctors/' and one of ihem had spent ,^ome 
weeks at Netley Hoapitalj — and yet they were not cured, Thia little book 
gives eeoMiblo adrice to the medical mao — advice not always^ we are Birry 
to say, followed, — and we are glad to see it in its third edition. 






SCIENCE BY- WAYS* 

FIMb Tolume yii. Prtjctor haa expressed bis wrath mnth certain cnticB, 
more especially those of the Ani*3rican Bcbool, and we think there la 
much justice in his remarks, JVIr, Proctor hm been blamed for writing 
pcrptilar treattsefl, and we cannot at all i&e for what reoson people who are not 
kiM immediate friends can object, There ia not the slightest doubt that ha 
wielda a clever p«i], and in additioxi to this be comes before the public with. 
, knowledge and with a power of populiiriBlng a subject which very few 
under such clrcumstimced ; then who can object to hia writing as 
many works as be pleases to iMue ? W© certainly do not siee what right 
mtits haTe to cavil They hare to review a book like that before us at 
Uui moment, which possesses intrinsic worth, which popularises in a telUng 
miimerj and jet without any slovenlinesa as regnrda its scientific value* 
Why, then, can they not do their work without attacking the author? We 
cannot tell, unless it be that private pique prevents them. Ft>r ourselves 
we only regret that one wim ppsaeBses the unquestioned ability of air. 
l*roctor should expend his time in popular casaj-writing rather than in 
Qoting down the observotions made with the telescope or the spectroscope. 
But we hail with pleasure the aunomicement of the i&sue of a new work 
bum bis pen. In the present book we have a reprint of a series of essays, 
taostoE them ajitronomical, but one or two physiological^ and indeed to our mind 
Ihdse are the most intcreating of the whole assemblage* It deals with '' life 
|ilt and future in other worlds/' the planets put in Levemer's balance, 
coiftetB' tail% three orders of comet*, the sun a bubble, the lun's surroundings 
iiid future ecUppe^» the weather and the sun, linding the way at sea, joumeys 
towards the North IMle, rain, damage from lightning, growth and decay of 
biind, have we two bmins P on some strange mental feats, automatic ches^ 



• ■* Science By-ways, &c. &c, ; to which is appended an Kasay entitled 
'Moiiey for Science/'" By R. A. Proctor, B.A*t 'Sec, Loadou: 'Smith & 
Elder. 1875. 
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ajid card pkyiDg', and last, but by no meana least in inrportAnc*^, mtm&f 
sdeneej a briUiont easa)/ which appeansd, if we iiiUtuke not, in the **Coii' 
teaiporar}^ Review.** All of thttee seveml fhapt&i's aj\i nf inlieiwit, but thai 
ou "^Have we two Brains?^' strikes us aa of egpucinl importance, Wi 
remember reading' the report of Brown -Sequard*fl lecture on the aiibjecl 
which has formed thu baais of Mr, Proctor's chapter ; but it was so exceed- 
ingly bttdlj reported tbat we could niflkc BOthiog of it ai a phyajological 
argument. W© have read Mr, Proctor*.^ pages on ilm subject with grant 
interest, therefore ; and while we <li%i!' fi'oni him on some points we ag^ee 
with him on others; and wt^ WLHilrl eppeL-iiOly «:Mn)u»H!ul hh mod** of dt*aling 
with the queation to out reutlers. AU through iii^ bot*k is of more JboM 
general interest and talue, 



POPULAE CONOHOLOGY. 




ONE would have thought that the ordinary British Molluaca of our ponda, 
fitreama, and grovea bad been described enough* However, tberi; ii" 
w^ iuppoie, still toom for a good cbenp popular description, with fftirlj 
coloured plates? aod such a book ie that bt*fore ua, by Mr. J. E. Hftrtinj 
The present work is an enlarged reprint from the *♦ Field *' newspwper, an 
it deals with the aabject in such a manner that any person of ordiiia 
intelligence can identify the species de^jrihed. *rbe author ha* adopted ih 
plan of grouping the shells according to the li oils which they inhabit, thti 
giviuf.' the reader an opportunity of finding a number of sped in ens on ha 
excursion* We think the idea is good for a popular book of tiie kind. Til 
volume baa had the advantage of the revisioii of the lata Dr* J» E» Or 
FpE.iS., and it is one we can commend. 



WHAT IS AIR?t 

ONE who did not understand chemistry would hardly compreh 
how it WflE that a whole book was required to anfwer the quf 
tion in the above heading. Yet fo it is, and Mr, \V, N* Hartley hd 
given us a veiy excellent and scientific, yet poptilar account of nir m 
243 pages which form this volume. It is, in fuct, but a fcpecieft of report i 
hk lectures, which were last year (1874) delivered before the H^yal Instit 
tion, on the subject of Air in its relation to Life* However, the autb^ 
has doubtleas expanded many of the points he referred to In bis discou 



• *^ Ifambk^ in Search of 8holls, Lmid and Fre^^h Water," By Jamea 
Ep Harting, F.L.S., l'\Z,B» With coloured illu^tratinns. Van 'I'ooraL. 
1875, 

t ** Air, and its relation to Life; being, with some additions, the sul 
stance of n Courte of Lectures delivered at the KovhI Institution ia 1 
year 1874, by W. N, Hartley, F,C,^,'* London j Longmans* I87u 
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•od lie has added a number of illustrations— more than 60 — which give 

maze interest to the Tolume. The greater part of the volume is familiar 

eDOUghy but the latter part is of peculiar interest, because it contuns an 

Hnple and clear account of M. Pasteur^s experiments on air and fungus- 

sporesy &c. ; and it shows the error of Dr. Bastian's processes, though in some 

cases there is rather too much of opposition displayed to leave the reader per- 

fbctly satisfied on this point. The concluding observations which the au^or 

makes on the subjects of putrefaction and decay are full of interest, and 

might we think with advantage have been much extended. The truth is shown 

of Pasteur's saying, that " Fermentation, putrefaction, and slow combustion 

ue the three natural phenomena which concur in the grand operation of the 

destruction of organised matter, a necessary condition of the perpetuity of 

life on the earth's surface." 



THE UNIVERSE.* 

IN speaking of this splendid work as it appeared in its first edition we 
gave the highest praise to the author for the ability displayed in carrying 
oat his scheme, and to the publishers for the lavishness of illustrations with 
which they presented the volume to the public. In noticing the present 
e^tion — the third — we have little more to do than to say that it is issued 
at a much cheaper rate of sale than its predece&sors, while it has not sufiered 
nnj serious loss by the omission of a few of the illustrations and of the notes 
which characterised the earlier issue. It is almost needless to tell the 
English reader that M. Pouchet — the great supporter of the doctrine of 
Spontaneous Generation in France — was one of the first naturalists of the 
day, and he has therefore given us a book which is an unquestionably admi- 
rable introduction to the study of natural history Sk a whole. As he says in 
the preface, " I have gleaned everywhere to show that Nature affords matter 
for interesting observations. The animal and the vegetable worlds, the earth 
and the heavens, appear by turns upon the scene." Indeed, there could be 
no better description of the work. It treats of Nature as a whole, and in 
the most fascinating style — ^well sustained in the translation — the author has 
told us the history of the animal and vegetable worlds in the present and in 
the past, and has added some observations on the sidereal or starry system, 
which, though small in their extent, are nevertheless of importance. Truly, 
too, the artistic portion of the work has been placed in the most reliable 
hands. • 

• "The Universe; or, the Infinitely Great and the Infinitely Little." By 
F.n. Pouchet. M.D., Member of the Institute of France. Third Edition. 
London: Blackie & Co. London, 1876. 
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ASTRONOMY K)K THE PEOPLE/ 

^IITJCH as is the custom adopted of crpng down the once popular b<iok«' 
JM- of the late Dionysia& Lardner, th^re is no doubt that they h»ve 
not yet been aucceeded in many iastancea by hocikB as well adapLtid to the 
jnind of the people. And indeed we know of few cuse^ in whieb bookB on? 
AfltrononiicBl Science appeal so truly to the public, as in the present instance. 
Mr, Edward DunMn, Sec, R*A*S.. has been the editor selected for the 
present Tolume of Dr- Lardner's ieries of books on Nfttuiul Philoeophyi 
and we can suy — aa of course was to be expected — that he has dotna Ms 
work with conscientiousness and clearness. The present edition was pub 
lished early in October last, and Mr. Dunkvnbaa abided to Chapter XY, pl&nel 
147 and 148, the last of which— which, bj tbe way» is not now th© 
waa discoTe?ed Aug* 7, 1875. One of the features of the present edittoil' 
is that the elements of the orbits of all the plane i:a are given , being arranged 
in the order of the distances of the planets from the 8\ib. It is elabomtelf 
illustrated ; besides more than 100 woodcuts^ there are thirty-seven admir- 
ably executed platea of the different heavenly bodies, telescopes, &e» 
Besides this is a copy of Beer and Miidler's map of the maon, and, we 
are almost pleased to say, no spectroscopic plates at all. It will be foun^ 
book worthy of being read by the cla.^s for whom it is intended. 
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SHORT NOTICES. 

L^ttre mi the Ofohajij of Cm^duttf m relMimt to (he G^ototfy i^ tJkj 
Saain and other locftlt'ttrs. By J. 3Iorrii?i, F.G.H. Tbe " Ohtmid^ " 0#eSe,1 
Croydon. 1875. — This is the publication of a lecture delivered by Professor 
Morriu before the Croydon Microscopical Club, and though it has so bumble an j 
origin, it is not on that account to be classed with literature of this order. 
It is really a most valuable addition to otu- geological history of the Loudon I 
Basin, and we trust that the l*rofessor had a number of copies struck off, 
for we are sure that tbe demand for the work will he considerable when it Li 
known of, There are very few, if any, of our English geologists whose j 
knowledge of the strata, both geokigically and palseontologiaiUy, equals that I 
of the author of this lecture ; and he has given us in a pamphlet of about 27 ( 
pageSj ttct^ompanied by an admirable coloured map and section, and seveml j 
woodcuts of the district, a discourse in which he discusses the orig^in of those J 
Tanous hedM and their fossiU, and deals with the several elements of the Lim-l 
dpa Basin. It would be imposdbk to foUow the author in a sketch like this ; { 
but we must mention that be traces out the whole eeries of deposits from the ] 
chalk upwards, and he adds considerably to the interest of his paper by hlfl I 
marking out the beds which occur in Pojis and Belgium^ and are cotisi-j 



• **Tlandbook of Astronomy." B? D. Lardner, LL.D* Eourth 
By Kdwin Dun kin, Secretary to tbe Koyal Astronomical Sode^i 
Lockwood & Co., 1875. 
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to be the i-epreaeiitatiTea of our London deposits, Bj fur the moit 
ng parts of tbe pAp<;r are the notes, which we presume wem aftfir- 
«irds added. For in these, -which are nearly as extensive as tlie text, the 
»athor givea us the opinjona of Dr. Hai^den and Professors Lesquereux and 
Cop© in reference to the sinj^ular want of nonconformity which exif^ts hetween 
the cretaceoiia and !§uceeeding strata, and allude* to the fact that, in i-eferenc« 
to the chalk and the tertiary tiorai a complete ** miinterrupted succession 
of lif© " tcwjk place. Id his remarks, too, on the London claj, wo find an 
tbmidiuit Inference to the uuiuei-ous and diversified fo^ita^ animals and plants, 
clUi« period^ the imtnense uumbi^r of turtles (no leas than teo apecies heing 
itpraaeiiled in the clay of Sheppy ) giving the Profesaor the opportunity of a 
lake Apropai of our ci\ic authoritiea. One of the moat important points of 
the lM:ture h the table at the end, which abows us at a ghnce tht^ formattona 
from the cfetaceoui to the recent alluvium, which are present or absent from 
the London Basin (at Croydon, London j and Hants) and the Belgian and 
Freocb cornjsponding deposits, The London geologist ahould be grateful to 
IMeBflor Morris for the task he has undertaken. 



Time and Time-tellers, By James W. Benaon, London: R. Ilardwieke, 
1875. — Thia littie book, although it ia douhtleaa ieaued with the object of 
h*ing a trade publication, i^ nevertheless a veij i uteres ting work for tboae 
who care for a chatty, gossiping account of the history of clocks and 
watebea fti>in the earliest device down to the period of Benson *s great clock 
which was exhibited at the International Exhibition of 1802, The hiitoiy 
it well written and fairly stated, aod the explanation Im giren of the several 
pttrttt of a watch or clock wbich have beeo from time to time added as im- 
fKPNsaa.en*.E, Finally, tber^ ia a uaeful table at the end of the work of 
tlie equation of time^ by means of which, with an ordiuary sundial, one 
mokj readily calculate the ex^ict time for himself, 
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SCIENTIFIC SUMMARY. 

[The Editor feeh ihaf lie tmist apohgisi'. to his reathmfor the wctremp. 
gkorlnejitt of the variom ^mmiarua iu the preset^ Number. TIi^^ 
escpUiTmtiQfh ^, tl^i rootrt hml ta he made for th$ arlides whi 
h<we — m ons cms isp6ciaUi/—/ar outrun ihAr ttmml ami pffoper \ 
limUs.^ 



ASTRONOMY. 

fpME JSun. — According to Jtbe Astronomer Ro^val^ the spotfl at preseot are J 
^ fewer tliftxi he Has ever knowp. Photography b being applied to them 
at Greenwich* A valuable series of photographs, comprising more than an 
entire apot-cjck of eleven yeRrs, has beeu presented to the Aatronomiciil 
Society by the executors of Professor Selwyn, Pfidre Secchi haa reported 
his obaerfations from April 23 to June ^8 to the AcadlSmie des Sciences. 
Ho had been recordiog^ not^ aa tbrmerly, the niLmber, but the area of the 
apot^i, which were atendily diminishing, as well as the daily number of , 
protu^rtmces. The more tjgoroas eruptions ceased as the larger Bpots fl 
disappeared ; lofty protuberances had become Tery rare ; those at the pole ™ 
had greatly decreased ; and the faculje which had formed polar coronae had 
vanished ; so that on the wliole we may be paasing through a minimnm of ^ 
these phenomeua. ■ 

The Mom. — The remarkable flatteninga of the limb to which the Rev. 
H. 0. Key drew attention twelve years ago were Te-observed on Nov. 11 or 
12, to great advantage^ by him self , Me*srs, Birt^ With, and Erck, iir. Key 
aaya that if these two depressions had been repeated all round the limb its i 
form would have been a very decided dodecahedron. The suitable Ubratiwa fl 
had been previously computed by Mr^ Marth, but as 3Ir* With had seen " 
them even more strikingly during the previous lunatiooj it is evident that 
they are worth looking for at other epochs. Their interest arises from the 
fact that they cannot be the profile exhibitions of great plaina, which would 
etUl preferve tlie general convexity of outline, but must have the eflfect of 
concavities as respect!* the centre of the moon ; resembling nothingt at leaat 
of any magnitude, iu the visible hemisphere : an indication^ perhaps, that 
the formations at the back of the moon may not be entirely similar to those 
on this side. 

Matit^—Br, Terbyi of Louvain, is actively occupied in collecting obeerva- 
tiona and drawinga of thii planet The Observatory at Ley den baa pur^ 
the ** Aneographische Fragmente '' in Iwo MS. volumes, left 
by Schroter. Kononewitech suspects u diminution of the 
btne«s. The AstroDomer Uoyal has pointed out the importaace 
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of II reaewBd inTestlgAtlon of the mlfir paml)a:c frooi the oppoaLUon of 
Mars in 1877, whicli be eonsidens p reliable to the traosita of YenuSi find 
will publjiih in the Mouthly Notices a cbart of the stara to he observed with 
the planet at that epoch, 

T/te Minor Ptati^s. — Diecovertea in this region haTe been iacrensing in an 
unprecedented ratio. No, 150 was detected, Oct* 10, by Wataon at Ana 
Atbor.^No, 151 by pHlisa at Fola (on tlie Adriatic), Nov. h^No. 162 by 
Paul neury at Paris, Nov. 2. — No, Wd by Pali^a, Nov. 12.^ — No. 1§4 hy 
Prosper Henry at Paris^ Nov. <5,— No. 155 by Palisft, Nov. 8. — No* 156 by 
PalisA, Not* 22, (Tbe^o numbera are not in order of priority, and probably 
will have to be rectified-) So rapid a developmeut of out know led g\f in 
thia directiotj, amounting to sixteen dnnng the present yeari and six in one 
montb^ U likely to cause eniharrassment. Computation already begins lo 
be uncertaio, and failures frei|uent in redii*covery, 

Jupiter. — M. FlamniRrion, who hfui been drawing this planet, baa noticed 
Tarious remarkable changes in the colour of the luminoua zones^ and a 
niLmber of wbite elliptic spots, aeemingly followed by ill-defined whadowB, 
and terminating in angular tnuna, as if the ahadovr paa.%d through aeparate 
strata of clouds.— Miaa Hirst, of Auckland, New Zealand, has sent to the 
Boyal AatroDonjicai Society some drawings mad© with an 8J-bcb Bilvered 
l^laaa Browning rejector during the appoaition of 1875. On one occasion a 
fmmber of smalJ dark spots with extremely black centres were aeen on the 
S. polar zone ; at anatber time a small oval patch of a decided lea^g-reeu for 
three daya near the same pole* LaaselFa bright spots were twice ubaervedi 
It ia evident from these and other observations that we are at present fat 
from having attained any conaistent interpretation of the phenomena of this 
colossal planet ; and the want of consent among contemporary drawings 
pointa to the cnncln$ion that eo me thing better must be accomplished in 
this way before wc can make aatif*factory progreas. The inscription must 
be tnore fiiith folly copied before we can attempt to read it; and probably 
this will not be done excepting iu the use of those commaJiding inatrumeata, 
now fortunately becoming more common^ in which the aiste and Irigbtneaa 
of the picture will diminish Ibe ratio of peraonal equation to a much more 
tinimportant fraction than that which now represents iL Br, Terby may, 
we hope, hd induced to repeat on this moat interesting planet the investi- 
gation which he haa so ably and diligently conducted in the case of Mars. 

— Le Verrier baa in vest i gated the maw afresh, and adopts iq^.jj , the value 
given by Airy from observations of the fourth satellite in 1836* This would 
of aiurse ba preferable to the old result, ^yj^f^t obtained by Laplace from 
Pouod^s observations J but he finds it auperior also to Bouvard^s (1824) of 
,-5^J^, deduced from the perturbations of Saturn by a method which he 
diacovera to be inexact, but which accidentally led to nearly the same ffllae 
ai Poimd^s, From Trie8necker*8 obsarvations in 1704 and 1705, Beasel had 

bfoughi out i0fi4:j(^; Nicolai, from fifteen oppo^tions of Juno, foq|.gj i Encke, 
Irom fourteen oppositions of Vesta, j^j^,;^; Santini had^deduced i^^i^ ; Besael, 
&oiEt hii own meaauies, jyjfzgfp ; Krtiger, from the perturbations of Themis, 
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j^^j J Mijller, from ¥fiy&*& comet, i^jjifj j Von Aaten, from that oi Eucke 



Sittunt Ijiis been very unfavouniblj aitua-ted for Eng^lish obaer?era ; h\ 
til e position of tlie witelUtesbae been oonipwed with Mftrlh*8 epbemeridefl 
by Mr, Cbristie at Greenwich.— Le Verrier haa ram paved ]m theory of thig 
plaaat vdth tbo ob&errnliona of the la^t ihirtj-two jear?, and finds tbe result 
fttlsfactory, some flight diicrepfindea being prohAbly due to the TAijini 
pect of the ring. 

Urmim, — Profeasor Newcomb, who m in charge of the great acbrei- 
matic at tbe Waahington Obaer^atory, of 2G inches' aperture, hns made m 
speciftl study of the satpllitea of this body during- the early part of this year. 
He fully confirms Lafl^eirs opinion that there are only four, tbe orbits of 
-which he tinde nearly circular and in the same plane, Tbe bright^ 
rtatellitea, Ober<yii and Tttmua^ appeared in tbie noble instrunjeut about equal 
to fourth magnitude stars with the naked eye ; tbe two inner ones he 
thinks tbe most difficult of well-known objects, but waa surprised at the 
precision with which be could biftect thf^m. They were pretty certainly 
discovered by Ijaaaell^ and have not been, be thinks, j^uheequently ^en by 
any one except bimself; tbey are churned, however, hy the Melbourne 
reflector. Sir W. IlerscbeVs outer satellites he pronouucea non^:dat6nt 
The feeble perturbation of these minute bodies by ejich other or by the far- 
distant sun in the immediate presence of tbeir overpowering pritnatj 
enables the mass of the latter to be ascertained with considerable eiactnesi, 

and the Pfofesaor deduced a value of ^^^^r '^^^ accTirate focusing^ of th© 
eye-piece was, howeier, disturbed by tbe differing coloni? of the redly 
illuminated micrometer webs and the greenisb-jellow satellites, and this 
may somewhat affect the reault* Ko markinga were detected on tbo disc* 
It is believed that the two brighter sutollite* arw within tbe grasp of the 
larger telescope* in England* 

OhM^vatoriu tmd Inistntnmite, — The Paris Observatory b now opened by 
Le "V'errier's orders three tifue? a week in tbe evening, weather pej^iitting, 
and two birge telescop«s are placed at the disposal of visitors provided with 
lettere of admission, obtained by application to the secretary. Thi* ia d 
more of the moat commendable nature, and an example which we should 
do well to follow. Tbe arrangement of our public observatories mig-ht 
not admit, generally speaking, of 6ucb an interruption ; but it might be 
worthy of consideration whether observatories for popular and educational 
purposes migbt not be established in our larger cities, provided with 
suJTicient instruments and attendantaj tbe expenses of which might be met 
by subscriptions and entrance charges, — We regret to find that Mr. Hind'a 
obaervutory at Twiekeiiham, the T-inch DoUond achromatic in which did 
Bucb excellent service at Mr. Bishop's in Regent's Park, is to be diamantledj 
and the instruments presented to the Boyal Obserratory at Naples. — 
Winneclke at Straiburg describes a new orhit-f weeper, and announecs tbe 
commencement of a review of nehula.^The observator)- of the E©v* H. C 
Key, at Stretton, near Hereford, is now in a high state of efficiency, being 
proTided with two 18-inch sUrered glaas speculfti perft-ct to the edge^ one 
*^ — Mcb is equa tori ally mounted and driven by clockwork There is % 
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fiUr micrometer and apparatus for wire-illtiminntion bv gakanic curront, 
and a largre ond pottderous spectroscope by Browaing, with two prittns, of 
wluch one only can be u^^ed for very hiiat objects, tht^ colli mAtor lens and 
object-glass of inspecting teleacope baring eacb an aperture of l^-iucb; 
there is a tangent-acrew micrometer, and Max ditto arranged to tbrow nn 
ilbiiniDat<?d image of the webi acro^ a faint ^ctnim ; beaidea the usual 
mppUauces of trHJisil, clock^i, &c, — Mr Lockyer and Mnjor Festiag have 
been sent by the Enj^lisb Goverunieut la Rome, witb the object of borrow* 
ing ffom tbe Italian Ckivemment a collectiou of i ate resting astronoaiical 
inatrumentSi to be ejthibited next year at Soutb Kensington. — Mr* Lick^ it 
k anidt has eekcted Mouat Hamlltonf id Santa Clnra county, CalifomiA, 
4.448 feet higbt witb no ri?Al witbin fifty miles, as the site for tbe 
"million dollar uleacope/^ — The largest achromatic ever made will 
abortly be in progress at Mr. Grubb's new fjictory near Dublin. The 
aperture will be 20 incba"^, or 27 if the discs, which are the production 
qI M, Fell, of Paris, will admit of it. It is intended for tbe grand new 
obtanratory at Vienna, and will probably not be finished before 187'?,— A 
12|-inch object-jfla^ by Grohb has recently been mounted at ibe new 

Obterratory at Oxford ^Feir^ glaas, which seems likely to nupersede that 

of English manufacture, not now as succeBafuL as in past years, has been 
wlmady tried and approved by Wray.— Alvnn Clark, it ia said, has received 
order from the Austrian Government for an immense reflector, to be 
lact'd in a new observatory at Trieste* (For ** reflector *^ we ehould 
bably read '* achromatic," though we have beard that specula occupied 
the earlieat attention of that great optician. )— Tbe new great reflector 
at tbe Pftria ObBcrvatory is said to turn out very aatisfactoriiy. The 
movable part weigba nine ton«, tbe speculum of eilvered glass half 
a ton» its diameter being 120 centiraetres (47^ inches), and focal length 
6-8 metres 1 22 ft, 4 in.) The front view has been adopted. It m said 
to give good definition of miuute «tars; though we may be pardoned 
for suggesting that if it was finished by the method of re touch log 
devised by L^on Foucault, its figure is hardly likely to equal those worked 
by tbe direct procesa adopted by the most eminent makers in England. 
Thja m^^ificent instrument, whieb is protected, when not iu use, by a 
gigantic iron cover, movable on rail?, has been abc years in constructioo, at 
an expense of 8,000^., of whicb one quarter was absorbed in the speculum 
alonfv Our neigbbourf, in the midst of their political difficultiea and social 
distresefes* have shown a noble example of scieatific muathceace^ which wa 
earaestly desire to see followed among ourselves, and we cordially wisb 
ilie new teleacope succesi* 



BOTANY AND VEGETABLE rilTSIOLOGY. 



Mr, Cook0'M " M^i?o^raphiti."^The first part of this «plen(Ud work, wbicb 
Is accompanied witb coloured illiL^t rations, has just madu \U appearance. It 
eoniains descriptions of (hagioMitm and Pesiza. It is published privately, and 
we are informed that only a very limited number of copies will be issued. Its 
title is " Mjcographia seu Iconea fungomm/' It is not ttated at what time 



i 



102 



POrULATl fiiClKNCB llEVrlfflfF 



it will be conclude*!, but it will not be lesued oftener tban once In rveTy 
flijE in on lb 3. It is ft work wbicb 6ven' lover of fun^ *!n*uld posBeaa, 

The Aihu of l>/ii/oj;mit^.^SeYerft] parts of this c-scellent work hate 
now been publisbed, and Mr* Kitton, one of our boat autboritiea on the 
flubjectf gives Ibis work vt^ry bigh praise indeed in a notice publisbed in 
** GreriUia-" CerUiinly tbe plates, though a trirte rougb^ apptfir excei- 
knllj executed, and tliey mntain enormous ning^iflcations of the objecta 
illustrated. The number of il lustra tions is ouiuerouB in each part, 

lujhmce of Nntritimi on Form, — At a recent nieetinji of the Academy of 
Natural Sciences of Philadelphia^ Mr. T. Meelmn reuiBrked that the ihtiuenc© 
which nutrition, in its various phase?** bud cm thie forms [i^nd charnctera of 
plants was an in f cresting study; and in this conupctmu he bad placed on 
record in the Proceedicgs of the Acudemy, that two epecie^ of Enphi^rhia^ 
uaually prostrate, assumed an erect growth when their nutrition ww* ijiter- 
fered with by an .-Eddrnm—^ small fungoid parasite. Tie had now to o^r 
a similar fact in connection with the common Purslane (Porinf^ca oieraeea), ' 
one of the most prostrate of all pTocumbent plants, which ^ under similar 
circumstances, also became erect, 

Some neitJ HanU from the Kkobar and Ajidaman I^andi.- H^rr S, Kurtz 
has a Tery interesting paper on this subject in the '* Journal of Botany ** for 
Noveniber 1875, from which^ however, we only absLract pome of the phy- 
sical facta recorded* The most remarkable one is the nature of the clay* 
Uerr Kurt?, says that the interest which attaches to the Nicobar vegetation 
rest^ chiefly in the peculiar polycistine clay, which looks somewhat like 
ineerflcbaum, and is also nearly as light and porous. This clay cover* large 
areas on those inlands which form the so-called northern ^oup. It containa, 
accoitUng to Dr Rink*3 analysis — 



Bilica , 
Oxide of iron 
Alumina 
Magnesia 
Water , 
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Here the total absence of alkalies is very nemnrkable. In places 
comes red from e bun dance of oxide of iron, and in this case it is usually 
literally filled with fossil seaweeds* A microscopical examination of tba 
fock reveals abundance of silica, fragments of poly cist ines, nnil diatoms. 
One would say that on such substrata nothing but wretclied scrub and harah 
greases could vegetaie ; but an exaniination of the greater part of Kamnrta 
has taught me that luxuriant tropical forests^ with an aYer«ge height of 
about 80 fr., not only cover the sea^^ide, but the same forest« form belts of 
considerable bii-ndth orer the island itself, while the imior hill plateau is 
covered by those peculiar park-like grasslands which Dr. Diedricbsen has 
called grais-heatbs. The next rocks botanieally influential are calcufeonft 
eea sand, raited coral banka, limeitone and cftkitreona sands ton es^ wbicb be- 
long to the so-called southern group, in wliicb, however, Katcriiall fan entti^ly 
calcareous island) is enumerated^ Then come the plutouic rocks and tlieir 
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wiicb, however, were only little developed in tho&e pArta wtich I 
All bktidft conaiflting of the above rocks are (■bArftcteriied by the 
Boe of graa&-heath«, and Ate covered with forasts from the botiooi to the 
tofk The four principal aspects of vegetation in thtsae ialandfi are — 1, miia- 
^Tove Bwampa: 2, heacli foreats; 3, tropical foreata, which fall tuider tliiiee 
groupi, thoie growiug on poljcistiiie clay, those on calcareous or coralline 
iti*t*, and thoae growing on plutonic formations j 4, grass-heaths. 



CHEMISTRY. 



Thg Cifmpoiition of the IVtiler fif ify* Kile. — Mr* J. A. Wanklyn has pub- 
lished an interesting note in the ** ChemicAl Newa ■• (Oct 20, 1875) on the 
iubject of Nile water and ita varying composition. Of course our readers 
wx^ aw&re that the Nile risee steadily to & vast height, reaching its highest 
Sttel about the middle of September^ and being lowest at about Cbrlstmat. 
The pan Be of the rt^e of the river is said to be heavy rains in the montha 
of April and May, the e fleet of this rainfall requiring the lapse of a conaideiv 
able time in order to exert its full Influence. Tos^blj, too, the melting 
of anow on mountains near the Bourcea of the river may concur in 
fiooding the rivert The height to which the Nile rises, aa well aa the exact 
penod of the riservariea from year to year, but it mar be ^tatiai broadly that 
frtum the end of May until Christmas the Nile m mure or lesn In Hood^ and 
II trom Christmas to the end of ^lay the Kile is low. The following is a 
tabular statement of the composition of the water in the difterent njontha '.■ — 

^Datc ol Bunpbk 
1874 June 
Jiily 
Aug. 
I Sept. 
I Oct. 
I N07. 

■ Dec. 
1875 April 
3lay 

Thm remarkable point brought out in this table ii* the gr<?at relative alter- 
ation in the proportion of chlorine, that whereas in the beginning of June, 
Jtist St the beginning of the rise of the Nile» the chlorine amounts to 1*8 
gndn per gallon the chlorine sinks to O'H grain per gallon when the NUe 
bift attained a grent niiEe, nnd remains at very little above that proportion 
until the end of the year. 

The Qimntity of Tmmin in 7W* — ^'ITiis question hna been, with many 

others in relation to the chemistry of this plant, gone int'> by Mr. T. 

Wigner^ whose papers have bi^en published in the ** Chemicnl News." The 

iber of the *' C, N. '* for Nov. l'2f 1876, contains the author's remarks 
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on tlie tanDin question. He baje that the pereenUj^e of tannin in teft 
13 very Tftriable, and there is little donbt tbat this ia in r gr^eflt 
degree the cans^ of the erroneous estimate which EngUsh ten-drinkew 
frequently make of the dietetic value of ted. They prefer tea whieli 
givea a dark- coloured liifusioo^ and has some sensible astringencj, to those 
TJirietieB which give a paler end leaa bitter liquor. This probably accouota, 
to aome extent, for the high estimation in whieh some kinda of A^sftm are | 
held for mi^ing^ purposei. The acetate of lead process fie ems more reliable 
for detenoining the percentage of tannin tbaji the old gelatine process, wid 
it 1b certainly easier. I hare therefore adopted it* I 6nd that a sample 
taken from a mixture of six samplea of Assam tea gave 45 -5 per cent* of 
tannin^ while some of the highest results were^ 

per Cent. 
No. 82. Moyune young Hyson , . , • • 30*0 
_ No. 83, Very choice Assnm *...*. 3?J-0 

No* L Indian young Hjaon * , . ♦ . i59*0 
Ko, 97. Assam lea from l>r* McNamara's garden , , 27*7 
No. 7a Caper (minted) ...... 42'S 



GEOLOGY AND PAL.flONTOLOGY. 

A New Crust ocean FomU from Amrtim. — This fosail, which was exhibited 
by Me8flr&> Grote and Pitt, at a recent meeting of the Buftalo Society of 
Natural Science, is of much interest The specimen shown exhibited an 
impression of tbe ventral surface of a new form of cruatacean allied to 
Enrifjdertts Pt&rygoim, foT which the name Emnr^i9 tcorptonif b proposed. 
The cephalothoracic portion appears to be separate from the body, and to be 
considerably narrower in proportion than in allied forms. The legs are the 
same in number as in Bufy/pUnts, The swimming feet appear to di^r by 
the straighter, less rounded outer margins. In the specimen the rhomboidal 
platea are not given. From the impression* of the Jolnls of the swimming 
feet their relative dimension does not seem to accord with £u}yptef^tix. The 
four pair of anterior feet proceed from two elongate oral plat*^Sj of wbich the 
impression is very distinct. The ipines of the anterior feet appear to be long 
curved, and to have an anterior direction. The absence of chelate appen- 
dagea to the posterior margin of the feet is parlicularlj noticeable. The 
first seven broad segments of the abdomen form a large ellipse. There ia an 
evident and remarkable narrowing of the succeeding caudal &egmenla. Of 
these six appear to be mud e out on the specimen, TEe surface of the cnst 
is punctaie with scattered triaoguUr impreaaiona. The cast shows a 
widening of the teiniinal segment^ and no tmcesof a spiniforni process are 
exhibited. Thia portion of the fosail was imbedded in the miitnx, and seema^ 
to have been bent downward and outward in the specimen. The greai 
ilexibility of the cnudal segments may be inferred from their ehnpe an^ 
position* The specimen from which the above description is drawn was 
found in the Water-lime group nt Buffalo, N, Y,, in the same bed wbici 
has furnished epecimens of Enri^pterm iaf^tftm* The length of the en 
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specimen is ^oO milU meters; tlie great eat width of the bodj is 110 
millimetera. 

Litjnit^ found in the Cfdnceotis Ihrmatmn of the United Slated of 
America. — >Ir. N. II. VVinchell^ in a letter to Mr. Danaj published in 
^*SiIUnian*s American Jcwirnar' (Ottobet 1875), sjya that an interesting 
dbcoTerr of lignite in the extreme uortlern portion of Minnesota has juit 
been made- Explorations hare been carried on during the gummer by 
private parties in eearcb of coal| and a hundred pounds of what wa* taken 
for eoal were brought to Dulmh from a point between Vermili<>n and Hainj 
lakes. Similar exploration has revealed the lignilea of the Cretaceous at a 
number of other point* in MiDoeaotai extending from near the Iowa State 
line to the eentrnl portion of the State. Mr* Klooa has given an account of 
m ** Cretaceous basin in the Sauk Vallcj " in ^* Sillinian's American Journal," 
ftnd Mr, Meek identifies it as the Fort Benton by the few fosails that were 
gathered. Inferentiallj the Cretaceous has been extended oyer the most of 
Minnesota, and even into the State of Michigan (" First Annual Report of the 
Geological Surrey of Mionesota, 1872"), but this discovery not only shows 
that the Sauk Valley is probably not an iufiolated ** basin/' but also that the 
Cretaceous beds did extend, prior to the drift, at leaat, if they do not dow, 
over the entire State from noi'th to sjouth. He has an account also of a 
probable Cretaceous outcrop in the state of Win cousin from Prof. Frank H* 
Bradley, but it has not been identified authentically i 

Thii CHnidte of the PoteSf Past nud Present f may not seem a very geolo- 
^cal subject, yet it is one of the moat interestinjo: in the whole range of 
geological studies, A very valuable paper on this question has been con- 
tributed to the " Geological Magazine '* (Nov. 187r>), by Prof, Nordenskiold, 
in which he says that we now possess foesil remains from the polar regiooa 
belonging to almost ail the periods into which the geologist has divided the 
history of the earth. The Silurian fossils which McCUntock brought home 
from the AmeiicaD Polar Archipelago^ and the German natm^alists from 
Kovaja Semlja, as also some probably Devonian remains of &dh found by the 
Swedish Expeditions on the coasts of Spitabergeni are, however, too few in 
number, and belong to forms too far removed from thoae now 1 if lag, to 
ftnniih any sure information relative to the climate in which they have 
H^ed* Immediately after the termination of the Devonian age, nn extensive 
continent aeems to have been formed in the polar basin north of Europe, and 
we still find in Beeren Island and Spit?.bergen vtist strata of slate, sandstone, 
and coal, belonging to that period, in which are imbedded abundant remains 
of a luxuriant vegetation, which, as well as several of the foe^il plant- 
remains brought from the polar regions by the Swedish Expeditions, have 
been examined and described hy Prof. Ileer of Ziirich. We here certainly 
in«*et with forms, vast iSigiUaria, Ctiiamiu.% and apedes of Lq^idudendnt^ &c*, 
which have no exactly corresponding representatives in the now existing 
plants,, Colossal and luxuriant forms of vegetation, however, indicate a 
dimate highly favourable to vegetable development. A careful examination 
of the petrifactions taken from these strata shows also so accurate an agree- 
ment with the fossil plants of the same period found in many parts of the 
Continent of Central Europe, that we are obliged to conclude that at that 
time no appreciablt^ diderence of climate existed on the face of the earth, 
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but that a unifonn dioiftte extremely tU^n arable for vegetwtion — hnt not 
oa that Account necGasrtril}" tropicAl^pm vailed from the Equator to tile 
Poles. 



IIECHAMCS. 

Browning a Faimi Self-^frfitiff Lnteh, — One of tbe best — becftu«e it is at ' 
once the moat efficient nnd witlinl the Bimpleet kind of bolt tbat we hftve for 
some time Been — is the ingenious invention of Mr. Browning, whick U 
tigurftd beloWj and whicli baa been recently patented. Bat besides its sim- 




pUcity, it baa a apecifll advantage, viz. that any attempt to open it from the 
outdde rend era it ni ore aecnrely fastened than it was before, while it regi«tere 
tha attempt made to open it by an nltetaiion in lU poeitlon. The bolt must 
be seen to be fully appfeciatedf and we doubt not it willeoon become a mofit 
popular contriTance. It i» certainly the most ingenious and jet the aimpleat 
invention in this direction that we have ever seen, 

A Machine for Damitifj SfocktHi/»,-^\\e have bad aewitig and knitdng 
machines for eouie tinm^ but the lale^^t addition to our stock is that of ft 
darning ninchine, which h dest^ribed by tbe ^' Scientific American " aa fol- 
lows :— *■ Two small plates^ one stationary and the other movablei are placed 
one above the other. The plates are corrugated, and between them the 
* holy ' portion of the stocking is laid. Twelre long-eyed pointed needles 
are arranged side by side in a frame^ which last is carried forward so that 
the needles penetrate opposite edges of the bole, paasin^r in the comigadonp 
between the plates. Hinged just in front of the plsUea is an upright bsTj 
and oa this is a crosa-piece carrying twelve Jcnoba. The yam is secured to 
an end knobj and then, with a b^t of flat wire, pushed through the needle* - 
©yes* Tlien the loop between each two needles is caught by the hand mkd* 
hooked over the opposite knob, m that each needle carries really two threads 
Now the needles are carried hack to their tirpt position, and, in so doin 
they draw the threads, which slip off the knobs* through tbe edges of tb< 
fabrie. A little puah forward again brings the sharp rear edges of tl 
needle-^ye against tbe threads, cutting all at once* This is repeated uuti 
tbe dam is fini&hed, and beautifully fiaiibed it is* Tbe cost of the macbli 
is but ten dollars." 
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MEDICAL SCIENCE. 

A jWk? Cute for Se^'mckne««.^Thlgf which ia the saIx ktiowu m u\int% 
tif amj1| lias been i-ecomuieDiied by Ur* C* Claphftra* Ila faying in the **K©w 
York Medienl Journal ^ (October 187'>) r — -" As to tht* proximate caua*i of 
the malady^ I entirely Bgree with Dr* Cbapnian that it conaiata of an undue 
eongettioD of the reBaela of tbo spinal cord. On tbis point I bad an excel- 
leut opportunity of dmwingr tome conclusions from a post-njorteui which I 
was foftunatt' er\oygh to make while acting- as superinteodent of tbe Goveni- 
tttent Civil Hospital at Hong Kong Iftat summer. The case wa? that of a 
Chinaman who had been killed while in ibe very act of vomiting durinjf an 
Attack of sea-^icknesfl, by tlie fall of a heavy piece of iron froiu aloft, I 
fonnd, on making the necropsy (four hours aft^r death )^ that, leaving out of 
dondderatton tbe heart, which bad been pierced by the falling iron, all tb© 
orp«i0 were healthy with the exception of tbe spinal cord, the vesjielB of 
which were literally gorged with hlnod throuj^hout its entire !engtb* I waa 
struck with tbe similarity of tbis appear n nee to that presented by tbe spinal 
cofd of an epileptic patient who died in tbe ** status/' and upon whom I 
uadB a post-mortem while at the West Itidinj^ Aayluni| Wakefield. Coupling 
t^e poal-mortem likeness to the reaerablance which obtiijtia in life between 
thtm two affectiona ^pallor of surfacsp Cold aweat^ &c.), it occurred to ma 
tliat ihe remedy wliicb^ in the hands of Dr. J- C rich ton Brown, hm proved 
m faiiiable in the epileptic ** status/* might be advantageously employed in 
tbe Isieatment of Bea-aickne3s». To test the truth of tbiA surmise^ I mado 
•ererml trips acroasthe Pacific, and tried the remedy altogether in 1*24 caaes* 
Of Ihe^e, 121 cases proved emineotly satiafactory, there beinar no return of 
tbe Tomiting after tbe udministration of the nitJ-ite; tbe remaining three 
cases being only unsatisfactory in ao far aa they required a further dose 
or two of tbe remedy," We fear, howerer, that a short experience of 
Jh. C^lapham a remedy will show of how little use it is aloae. Certea one 
of tb« beet aafegupj'da ia lying perfectly recumbent (Tiefore tbe vessel fftartfl) 
and keeping the body warm and taking a substantial meal about an 
hour before you set sail. The writer has tried these plans in a recent 
stormy passage acrosa tbe English Channel, and he perfectly avoided ie»> 
ticknesa. Yet on this occasion thirty or more people were violently dck, 
and, what ia more extraordinary, he never before escaped aea-srckneas in 
rough weather. One thing we bad almost forgotten to mention, t>, keep 
tbe eyee nltnost constantly closed, and be as nearly a mid- ships as poaaible. 

Givmg Medtmnf^ to the Mother for the Suckling InfmiL—\h. I^ewald bae, 
says the ** Lyon Medicate/* investigated the elimination, by the milk of tbe 
vioiber, of iron, bismuth » iodine and ita compounds, arsenic^ lead, zinc, anti- 
mony, mercury, alcohol, and several narcotics. His numerous experiments 
were made in the goat A certain dose of tb & medicine was administered to the 
■nimal, aAer which tbe milk waa examined. The principal concliisionH 
which tb© author baa arrived at are:^L A larger quantity of iron can bo 
admmietered to the infant through the mother's milk than by any other 
mtans. 2. Bismuth like wise is eliminated by tbe milk| but in very smaU 
quantity. 3. Iodine doea not appear in the milk until ninety-six houra after 
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t&Mof it : the iodjd« of potiMicm gtrcn io imm ^f fonf gtiio» pw dmm^ 
ap^Ar$ fonf hmifs afief ifigeitioii, lod contiiiBeB to be elialoaled fo ^f^mj 
djiyst 4. Arsenic appean in the millc tl tbe end of eeve^te^n tto^f«, iid4 Ha ^li> 
toiiuitkiQ bad Dot c«:fl£ed ftffcer eaxtj lioirra. ^5« Tlkoiigli one nf tlie OMii fnft^labUl 
pt^paimtioGfl, the oxiile of ijdc U n^Terih^lem eliiiiiiiAt«d hw th% tnHk^ sod It li j 
fMR>W>2e that tfai« ia alsft the ease with tto otber propanitiooa <£ m 
Wm ircams of oxide of tine were fon^ in the mUk ai th« tad iif from ftsr 
to dgtrt homvy aad it dtuppean mooagm than iron, becaDfi» xii> tzaoe of It ( 
be diteoTered after &ft:eeii <ir dxteen hoanL 0. Tbe rJiminadan of antimon j ii ^ 
an imdfiDahle fact, and it U well to bear thia in mind during tbe perimi of 
Burmsf I the auue bold^ true in refiard to merciirid pi^parations. 7. That 
alcohol and the naico^ct aie eliininated bj the milk bus not been deitian-1 
stmted. Sn]phate of quinine ia eliminited \ei\ easM? ; a child siiiTeriug'' 
from intermitieDt fever was cnred br adminialetiii|r qmniQe to the mir^e. 
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A MmtfwiofkalSpdeip m ISkelt to be fanned in LondoQ^ and it la 
dotibtedlj leqniied. Mr. J. II. C^uiis, who is engaged in fiirtheniig the plani 
of tMd project^ baa wrirten the foUowinjr letter to the " Geological Magazine** 
( Non 1875). Datiii^froiii 57 Lemon Street, Tniro, he obserrea: ^ An effort ii 
h^ins: made for the estabti^hmeDt of a Mineralogical Societj of Great Brxtain 
and Ireland." The objecU of tb« Society are— 

To simplify minefalo^cal nometielatuie. 

To determine ood define doubtful mineid. species. 

To study the paragmm* of minetali. 

To record InBtane^ and modes of peeodomorphiBm, with their accompanT' 
ing phenomena. 

To measure, determine, and illuMrate forms ol eTyitaUixation, especialt 
the irregTilarilies and peculiaritiet of particular planes, or of crystals tiQ\ 
particular localities. 

To discuM aysteraa of classification, and to establish a natural nystem* 

To collect, record, and digeat facti and itatbtirs r^ktiog to economic 
mineralogy* 

To promote the exchange of specimetiB ; and^ generally. 

To advance ihe acienoe of mineralogy. 

The rule* and regulations to be ultimately adopted will be decidod upoi 
by the vot«a of probably the tirst 100 members 

Graph tU frmi Siberia,— M, S, Kern, of St, Pftersburgj writes to ti 
'*CheiniCrtl kew» " (Nov. 12, 1875) us follows:— 

Hating lat*.'ly analysed twoflHmples of Siberian graphite from the St&\ 
DOTnky Mine, I tbink the reaultfl of annlyses may be of soma ii«a T] 
Zeilon irrapbit* containing 80 per cent, carbon, and cotiiing from England 
lEuAs'ia, ifl far richer and cleaner, and mixed with Russian grrtphite it Uii 
fnr the manufacture of blaclc-lead cruciblea. 
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METEOBOLOGY. 

Md^GToingif m ^a^lnnd, — The report of the Meteorological Committee 
^ 1874 haa been quita reoeistly published, and commented ou by the 
'* Academy "which Ba.js : — 

The Report of the Meteorological Committee for the year 1874 has juet 
appeared^ and it shows that their office has carried out steadily work of the 
eame nature as in former yeara. Aa re^rda maTiua meteorology, the ntiinbet 
of observera remains small compared with the gtrength of our merchant 
naTj/but the quality of the observations which are receiTed appears to be 
good^ The inTcatigation of the nine lO-degreo squares lying close to the 
equator in the Atlantic, is nearly complete, and monthly charta for this r&- 
gion will shortly appear. The next diatiict to he attacked by the office ia 
tlie eoulh pobt of Africa. 

The reiults of Mtorm-waminga are mucla the same qa in 1873, nearly 80 
per Cflnt, nf the warnings having been juatitied by subsequent weather, and 
more than half of that proportion having been followed by serious storms. 

La the land meteorology of the Uait€?d Kingdom some important changes 
Me noticed in the announcement of the antisfactory conclusion of arrange* 
meets for co-tiperation between the office and the Meteorological Sodety (of 
Lo(Ddon)| in virtue of which the Society will supply returns from certain 
aelected stations for publication iVi e^iienso by the office ia conjunction with 
fitunis from its own volunteer observers, and in accordance with the inter- 
natjonal plan proposed by the Permanent Committee of the Vienna Con^ 
groMt which has already been noticed in these pages. 

When the vote for learned aocietiea was taken in the House of Commons, 
Mj. Mflclrtgan moved its reduction by tUo sum of 1,000/., this amount to be 
tiansferred from the Meteorological Office to the Scottiah Meteorological So- 
d^f and waa defeated ; but Mr. Smith, on the part of the Treasury, stated 
that it was the intention of that department to institute an inquiry into the 
msltopoiogical organisations of the country in the course of the autumn* 

All meteorologists will hail this announcement as most satisfactory^ as no 
$mh. Inquiry haa ever yet been held except that before the Commission on 
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the Adrfm(»ra€Rt of Science now just clot*eJ, for llie committie appoint 
Id liHGa oaly reported oa tiie state of the Metoorologicftl Duprirtment of the 
Boftrd of Trade* 

The Report of the Commiaait^n jvtBt mentioQed b&s rIbo appeartni^ andlma 
been noticed in our GolutuiiB ; but, as ii go^ hi mme length into tha subject 
of Meteorology and the condition of the Meteorologrical Officei it maj^be 
allowable to refer agnbi to itt conienta. The commissioners for tbe moft 
part content tbem^lves with reproducing the opinitma of rnnie of the gentle- 
men wb h rt ve gi ven e V idonce belbrti I hi?m , I n t ! j ei r remar k s on t h e er i dence, 
however, they aay (p. 26) : — 

'* With respect to mt^teorology, we nre of npinion ihrtt the operationa of 
the Metaorological Oflice have been attended with great advantage to «<?ieD06 
and to thfi countrj. The aubject of \^eteorology h a vury vast one, and any 
scheme for ita proper cultivation or exten^on must compria©— (1) arrange- 
ments for observing and registering meteorological facls; {2} tirrangiementti 
for the reduction, diicussion, and publication of the observation i ; (3) r^ 
searuhes undertaken for the purpose of discovering tbi^ physical causes of the 
phenomena observed ♦ The resources placed at the diapoeal of the com- 
mittee are in adequate to covifr the whole of this wide (ield ; and, bairtiig 
due regard to all the ciKrumstances of the case, we belit-ve that in eelecting 
parte of it* as the objecia of their special attention, they have been guided 
by a sound discretion. 

** We are alio disposed to consider that although, as we have aiready s^id^f 
the Meteorolopcal Committee or-cupie^ nu Bnotnakiu,"! position^ no othe?^ 
form of organ i station cuiild advnntageously have b^^tju adopted under the 
actual conditioiiB. We think, however, that if, as we shdl hereinafter r* 
coroxiK^ud, a Ministry of Science should be established ^ the head of tin 
Meteorological Office gboiUd be made responsible to the minister.'* 

The CV>m mission era further comment upon thta view*! held by Prof* 
Balfour Stewart and others, to the effect that cUmatologloal inqniriei' 
should be left to the elibrtJ of local societies aided by Governnjent 
while acknowlcdpng the usefulness of the results alrt?«dy yieldeti by tui 
^ystenss in the United Kingdom — ^.^, that of Mr* Glait^her and that of l 
^c ►ttiab Meteorological Society^ — they express their opinion that any granl 
in aid should be made on a systematic principle, which could best be' 
effected by making them subject to the contra I of a minister* 
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Mtn^oMeopWiil Pftpcrs for the Oiwirf<r,— The foUofwing articlos bate 
p eared iu the '* Monthly JIicrv>acopical Journal *' for October, No vein 
and December :^ 

Ou Cophaloaipbon and a New Infusorion. By Dr,CtT. lludaon, LL,D. 

Heci^nt Pp^grew* of our Knowledge of the Ciliate Infusoria. By G. 
Allman, M.D., RB.S?,— Extracts frora Mr. IL E. Fripp s Tituij*Iati( 
of Prttfi'K»or Abbe's Paper on the Microscopc^On a New Mtdiceri 
By e. 1\ Hudsion, LUD, F,I(*M*8,— On tbe Identical Cliarmter* 
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ChromAtic and Spherical Aberration* By Dr. HoTftton-Fii^tt, M,A., 
F.R.S.— Perforatini,^ j'roboscis Molbs. By Henrj J. Slack ^Trocbo- 
spheera .'EquAtorialis, a Spberical Rotifer found in the PhiUppine 
lelaudfl. Bjr lUn temper. — Extrjicte from Mr. H. E* Fripp'a Transla^ 
tion of Professor A1>1>«*3 1'aper cm tli^ Microscope,— 43ti a New Method 
of Meaaurinj* the PoBitioe of the Bands in Spectra* By H, C. Sorby, 
F.R.S., &c,, Prea. P^^H.S.— Note on the MarkingB of Frnatulia Sax- 
oniea. Bj Aftsbtnnt-Surgeon J, J. Woodward^ U.S, Armj'*^^ Appendix 
tt» the Paper on tbe Identical Cbaracter» of Spherical and Chri>matic 
Ab<?rratiou, By Dr. Rojaton-Pigott, F,R.S*, &c.— The SUtaa an Aid 
iu Measurbg- Angular Aperture, By Profesior Ih Keith. 



PHYSICS. 

Deoih of Sir Claries WhettUtfm^.^PhjdoHl Science him sustained the 
deepest posidble loes by the death of Sir Charles WheaUtone, F.H.S.^ which 
took place at Paris, at the Hotel du Louvre^ on October 20, 187*1. Identi- 
fied as he wjia with tbe practical devt'Iopment of tekgraphy, the name of 
Wheatatone was frtmilinr to all^ and the fact of the later years of his life 
luiTing been devoted to subjects connected with electricity has led even the 
ficietktitic world to lose sight of his Tahmble work in other branches of phy- 
«icf. As early as l&2ii, while eoga^ed in the manufacture of nmaical inatri^- 
ments, Charles Wheatfitone published a paper on *' New Experiments on 
Sound/' and on looldnja: thrfiugh the list of his pnblished papers one recalls 
the vaJtie of his experiments in connection with sound and li^ht. Still it is 
^ta the elertrician that Wheats tone rose to the first rank in science, and, as 
we haTe already said, it ift the conspicuoua part he played in the invention 
and application of the electric tekgraph that rais<^d hitn ho high in popular 
esteem. In 18*34 Professor Wheatstone was appointed Profes&or of Experi- 
mental Philosophy at Kings College, In 1830 he was elected a Fellow of 
the Royal Society, when he read a paper entitled *^ Contributions to the 
Pbysiolog)^ of Vision," and this led to the invention of the stereoscope, 
which he first exhibited at the meeting of the British Association for the 
Advancement of Science in 1838, In 1868 Wheats tone was knighted in 
reeognition of his ecientiHc services, hut thirteen year* before the EmpeiOT 
af the French had appointed him a Chevalier of the Legion of Honour on 
account of his application of the electric telegraph* He was also a Member 
of the French Academy, A list of his principal papers, contributed to 
^ientific societies and journals^ has been published in the '* Chemical News/* 
where it occupies nearly a whole column. 

S*rpef'mienis cm the Uiira-llokt of the Spedrum. — ^In a late number of the 
•^^Comptes BenduB*' | October 19), M. Croullerois states that in order to 
effect the measurement of the rotatury power of quartz in the ultra-violet 
uf the spectrum, he had recourse to the procedure of Mr* Stokes, and made 
HBe of the analytic?i! method of MM. Fizeau and Foucatilt ; but, notwith- 
fctanding the most favourable atmospheric conditions^ it was impossible for 
him to carry the messurement of the rotations beyond the ray 0, It is true 
tbat in his experiments the normal ultra-violet spectrum, and the inter- 
fkrence band^ were seen by reflection on paper saturated with, the fluorescent 
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solution, tUe eye interfering cinly in a aecoudiiry raimnirer in the obAervatio] 
of the phenomenon* When Af* Soret nifide koown to the ftutbor his i3iio] 
e«cent eye-piece^ witii which the spectrum mfly be regarded under cofldi- 
tiotiB of direct transmis^on^ apparently more favourable^ he pointed out to 
him this application of his ingenious initrumenL The author has notic^j 
in the **Con:ptes Rend us" of October 11, a paragraph showing that thk 
application baa been succeeafully tried by MM. Soret and Saraiin ; but theaa 
physicisti have not been able to extend their observations beyond the ray N, 
which showB that the abeorptiou by tranBiolssion is still more injurious than 
the loaa of light by epipoUc dbperaion. 




ZOOLOGY AND COMRUIATIVE ANATOMY. 

The Aiuikmuf vf the 6VmJf«s.^Allliotigb this subject has been aiaiminS 
lieforo by Professor Owen, F.R.S,, Dr. II. C. Chaptnan has published some 
obatrvations on it before the /Academy of Natural Sciences of Phihi- 
delpliia. They were made upon an animal which died a short time a^^o in 
the Philadelphia Zoological Gardens. He had pleasure in Baying that he 
found the internal orjrans as described by PrufeMor Owen, save in reference 
to the manner in which the great blood-ves«elfl spring from the aorta. In 
the example dissected by Dn Chapman there was an innominate artery 
which gave off the left subclftTian^ the right subclavian^ the right Tertebral 
and the commou trunk of the carotids, the left vertebral springing alone 
from the aortii ; whereas in Professor Owen's example^ according to the 
description, the left subclavian, as well aa the left lertebralj came ofi' 
separately from the aorta, while the right \ertebral came from right 
aubclavian. It is possible that in the former the dif^position of the blood- 
TOfiiels WM an an om alone one* He would also mention that there was an 
en&e absence of a gall-bladder, which was noticed twice out of three times 
in the case^ studied by Pro feasor Owen. For the reason above given he 
did not refer to the brain, alimentary canalj &c. ; to those who may be 
interested, he would simply state that tbeoe ofgans may be seen in tba 
museum of the Univetdty of Penni^lvania. 

The Md-eomhigiciU Aspects of thf Fi4ffhi of Ommftojtpcrs. — In some parta of 
the Southern States of America great flights of grasshoppers take place at 
certain seasons : and a curious fact has been recently observed in conaeetion 
with iheir flight > which would seem to give them the power of forecasting 
the state of the weather. Mr. J, \\'ilaon states that lately, on a cloudy 
afternoon, the insects were on the wing» high in the air, in countless multi- 
tudes. A party of several persons was riding in a carriage, and the question 
of probable rain was discuased. Suddenly the grasshoppers, with great 
unanimity^ descended to the ground, the scene reminding one of a fnriouj? 
finowatAjrm, In two or three rainntei no gru^ghopper could be seen in the 
air, and in a short tiuie it commenced to rain> Soon after the rain ceased 
to fall the tnsecti took flight again, but in the course of half an hour, 
without any particular indication of rain, they tuddenly plunged to tkt ^^^ 
earth again. Boon after this it ralnt^l again. This process was repented ^| 
tbree times on that afternoon, and each descent was full awed by a &11 of rain. ^^ 
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Is there spcntafieous generettion? 




PROFESSOR TYNBALL'S EXPERIMENTS ON 
SPONTANEOUS GEXERATION, AND DR. BASTIAN'S 

POSITION. 

Bi fHB Re?. W, H. DALLINGER, V.P,ILM.S, 

[PLATC cxxxni,] 



IN the present position of Biological Science in relation to 
tbis important and interesting question, any positive results 
Ti^Mch have a definite be^iring on the dlfficidtiea of the subject, 
and point hopefully to new methods of research, must he 
wannly welcomed. Professor Tyndall's beautiful series of ex- 
periments ^^On the Optical Deportment of the Atmosphere ia 
reference to the Phenomena of Putrefaction and Infection " are 
precisely of this class, and will give new impidse and directioii 
to all unbiassed labour* It is to be regretted when, in a matter 
80 pmrely one of rigid scieuce as this i^, impassioned contro- 
Tergy is suffered to have any place* It fails utterly of its 
intended purpose, and simply bindera and delays the final issue. 
There are few but will have admired the animation, coiu^ej 
and resolution manifested by Dr- Bastian in the discussion of 
tWf question during the last fivej'ears; but those who have 
lieeo most capable of understanding the method, nature, and 
object of his experimentif, and the general drift of his rea^ningj 
are those who most earnestly disavow the perhaps unconscious, 
but nevertheless too palpable, advocacy of a tfiMw which bia 
writings so freely display- 

Dr, Bastian's position in relation to the origin of minute 
organic forms has, at the outset, the immense disadvantage of 
being adverse to the whole analogical teaching of nature, down 
to the uttermost depths of minuteness, ^vliere our knowledge is 
4tccurate and sound. \\'heTever science has put down the 
landmarks of passession, and is not dealing with the disputable 
territory of hypothesis, it is absolutely known that at some 
period in the cycle of development the lowliest organisms are 
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dependent for their propagniion upon Tjphat we c:ui only loc 
upon as genetic products. 

Manifestly, then, it must be weighty — najj unequivQcal ai: 
even in-esistible — evidence that will iucluce the philosopliicd 
Biologist to conclude that natural's otherwise nniversal met ho 
is changed, in the outmost fringe of organised being, Mer 
reasoning could never accomplish this* It must be hard 
defiant fact, which none can gainsay. But verily no sue 
facts- — nor even their most distant forecasts — -are before 
The profound difficulties which briitle round the enquiry on 
every hand are prominent signals for caution ; while tlie un- 
certainty and incompetency of the methods hitherto employed, 
and their conflict of results^ is alive with meaningp Indeed, w^ 
are dealing with organisms so minute as to elude all but ou 
best optical appliances ; and the accurate and correct interpri 
tation of the details they enable us to discover reqiiire:^ tli^ 
practice and experience of years. Of the developmental histor 
of these organisms themselves, we know from actual obser 
vation almost nothing with certainty ; and the little we do knofl 
from such careful and patient observers as Cohn, Billroth, liayJ 
Lankester and others, is so complex and conflicting as tfl 
demonstrate the necessity of years of patient experiment and 
skilled research ; and to plainly tell us of our ignorance 
this minute and wonderful group of organic forms. And yetJ 
forsooth, we are abked^ upon the conflicting testimony of 
multipHeity of boiled infusions, yielding often evf-n in tlie sain€ 
hands uncertain results, and in different hands conflicting ones," 
to believe that organic nature — whose method of reproduction 
is the same to the very limits of certaki knowledge— change^B 
its method in this uncertain and cloudy region^ ^^ 

Of course to " spontaneous generation " as a mode of vital 
reproduction there can be no a priori objection. Let us have 
it by all means, if it be a fact in nature; but not on any 
other terras. Is it reasonable to suppose that such men aa 
Darwin^ and Huxley, and Tyndall, and Burdon Sanderson, and^ 
Cohn, and Billroth, and Lankester, would shrink from "^ spon^^f 
taneous generation '* because of the ''consequences" to which, 
strangely enough, it is by some supposed to lead ? The very 
thought admits of nothing but ridicule. And yet Dr* Eastian 
is displeased with Darwin * because he has not definitely deter- 
mined whether all living things originated in one primordial 
germ, or originated spontaneously in multitudinous centres 
scattered over tlie earth's surface. Both Kuxley and T>Tidall 
are in efFect charged with giavc inconsistency, f because, J 
while they admit the origin of all vital forms by evolutlou, theyl 
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yet declare that they have ne%*er seen an instance of '* spon- 
taneous generation " of organised foiTn^, It is asked " Why 
should men of such acknowledged eminence in matters of 
philosophy and scienee as Mr. Herbert Spencer and Professor 
Huxley promulgate a notion which seems to involve an arbi- 
timry infringement of the uniformity of nature?" I dare not 
answer for them ; but for myself I answer, Because the facta as 
presented to them on the subject— as well known to them as to 
Dr- Haitian, and we may venture to say as well considered — 
do Dot appear to involve the "arbitrary infringement" of 
oattire'a tmiformity of which Dn Bastian speaks. If these 
admittedly competent and proverbially fearless men could be 
led by facts to see that their teaching promulgated an '^ arbi- 
trary infringement" of nature's method, is it rational to suppose 
that they would persist in it another hour ? The very position, 
therefore, of the leading biologists of the day in relation to the 
tfqrpothesis of "spontaneous generation" is an authoritative 
declaration of the invalidity of the data on which it rests. 

To Dr. Bastian, nevertheless, the " facts," such as they are, 
have carried a different conviction. But on analysis, that convic- 
tion is evidently not wholly formed upon the bare '^ facts." It is 
inflaenced and stimulated by a "philosophy" which, in short, is 
this:— Continuity in nature is the grand outcome of aU modem 
research ; but if you are to have this in a sense wide enough to 
include the organic world, you must have " spontaneous genera- 
tion-" Give up this^ and continuous evolution is impossible ; 
ihet'sfare abiogenesis must be a great truth. 

Of course continuity in nature is a profound truth. Every 
careful and comprehensive student of modem biology will admit 
that* By Dr, Bastian's own showing, Huxley, Bar win, and 
Spencer are its most competent expoi^itors* But they prefer 
not to be hasty. They decline to determine the e5:act manner 
or line of that continuity until they have facta of a co7npete7it 
kind to guide tJiem, There may be lines of continuity infinitely 
more subtle than any the subtlest minds have even conceived. 
At least they decline to accept one, laid down, as it appears to 
them, not by nature, but by Dr, Bastian ; and no believer in 

e evolution of living things, surely, is recreant of his creed 
declines a similar surrender. 

The largest difficulty surrounding the question of the mode 
of origin of septic organisms is that of discovering tlieir life- 
cycle* By dealing with them in aggregations we run told and 
untold risks. The conflict of results by this means, in the most 
acoomplished handfi, employing the most refined methods during 
the past eighteen years, is a sufficient witness. Repetitions of 
experiments, and conflicting results, and explanations of the 
why; and so the cycle rolls. Of course important lessons 
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in biology are learned, but not the lesson. And jet by the teacb J 
inga of this complex and doubtful method alone Dr, Bastion 
is content to accept '^abiogeneds^ as a groat fact in nature. 

To those who are best acquainted with the experimental history 
of the subject for the laat twenty — but certainly for the last six 
— years this is the more remarkable. For the weight of evidence 
is certainly not only not in favour of " abiogenesis," but is in 
the strongest sense adverse to it* The most refined, delicate, 
and continuous researches all point to the eadstence of w^liat are 
at present ultra-microscopic germs- Tliis, indeed, ia directly 
affirmed bj the authors, A single and recent instance will 
suffice. After a remarkable series of escperiments detailed before 
the Royal Society Dr, W, Roberts says: "The issue of the 
foregoing inquiry has been to confirm in the fullest manner tha 
main propositions of the panspermic theory, and to establish thflB 
conclusion that bacteria and tonilm^ when they do not procee^B 
from visible parents like themselves, originate from invisible 
germs floating in the surromiding aerial and aqueous media."* 

But further^ this has been remarkably sustained by ana- 
logical evidence. There are putrefactive organisms that 
closely approximate to the bacteria in form^ stnicture, and 
size. These are the "monruf*/' or, as Professor Huxley 
doubtless more fitly names them, the hetsromita*^ They 
live side by side with the bacteria in the same putrescent 
mass, and certainly in the later stages of the disintegra- 
tion of dead organic matter are the most active and power- 
ful agents. From their greater size they present a more 
promising field for microscopical research than the baeteria 
themselves ; and the iife-history of some of these could be fijly 
mastered- I long since felt that valuable aid might thus be 
rendered to the cbscovery of the nature of the bacteria. Armed 
with the best and most powerful appliances which the modern 
optician could supply. Dr. J, Drysdule and myself ventured an 
the work- The residts are fully detailed elsewhere-{ It need 
only be remarked here that the only hope of success was in 
e&ntinuoiLS observation of the same form, in the same drop of 
fluid, under the highest powers. The secret, therefore, was to 
find a means of keeping the same drop under examination 
without evaporation. This we did. § The result was that patient 
work enabled us to completely unravel the life-history of six 
of these organisms. These life-cycles cannot be here recounted. 
Suffice it now to say that each of them multiplied enormously 
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l^ self-division (fiesionV but that the lifeMiycle ia each cas& 
begati and ended m a dtMiiict gejietic jpmt^ttci— call tbem what 
we cboose, spores, germs, or ova. 

In PI, CXXXIIL I have drawn from nature, in the six respec- 
tive cases, the eonditiou presented by each organism at the time 
of emitting its gpore. Fig. I h the genetic product of an oval 
monad, with a pair of flagella ; it rapidly increased by 
fission ; then in a remarkable manner a pair blended^ became 
oti« in the form of a sac, the sac burst and poured out, aa the 
dmwing portrays, innumerable sporcj which were watched con- 
tiniioudy until they were seen to develops into tfie parent 
condition. Fig, 2 gives a similar product of another form, 
different anatomically and In all the detaik of metamorphosii?, 
but yet passing through the states of fission, blending into a sac, 
and (as seen) the emission of spore ; which were again watched 
into the parent condition. ¥ig. 3 shows the direct genetic 
product of a third, but this sac did not contain spore, but living 
youfiffy which swam forth at once upon the bursting of the sac; 
and by taking in pabidum at all points of the sarcode, rapidly 
grew to the parent size. In fig. 4 we have new features. The 
organism ia oval, with one fiagellum. It multipboa with 
enormous rapidify by inultipU fission,* and then by dis- 
tinct genetic union a sac is formed and spore emitted ; 
but they are packed in a glairy fluid, and were so 
minute that at first our best powers failed to reveal tbem. 
But they were afterwards seen, and their fidl development 
traced. In figs, 5 and 6 we have the same products of the two 
last monads. In morphological detail they greatly differed from 
all the preceding ones, and from each other. But the spore-sacs 
were produced by the same means, and the exquisitely miniite 
spore poured forth were traced through all their stages to the 
adult condition. 

We have here, then, important indications of fact concerning 
the nearest allies of the bacteria: they develope from germs. 

We have besides, the weight of the best ezperimental evidence 
pointing clearly to the existence of germs in the bacteria them- 
selves. But the microscope has failed to dsmonsti'ate the latter. 
Its finest powers and finest methods failed to reach them. 

Happily at this juncture Professor Tyndall has stepped in, 
and, with his accustomed brilliance and precision, has opened 
up the path we need. He has prcsejded us with a phymcal 
demonatraiian of ike esdatence of ivimeaaurably minute 
moUcules of matter — utterly beyond the reach of the most 
powerful combination of lerises yei constructecl—^i^hich are 
the indispensable preQuraora of bacteria m steriliaed inr- 
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fumons* In short, he lias opened up a new aod exact inetbod/ 
which miist lead to a scientific detennination of the existenca 
aod nature of the bacteria-germs* His beautiful experimen 
on the decoinposition of vapours, and the formation of actiniG* 
cl<>iid8 by light, led him to experiment on the floating matter 
of the air, and witli what results is widely known. Confined 
and undisturbed air, however heavily charged with motes, 
beeomed at length, by their deposition, absolutely clears so 
tbat the j^th of the electric beam is invisible across it- From 
this, and associated indications, he acutely inferred ^* that the 
power of developing life by the air, and its power of scattering 
light, would be found to go hand in hand ; " so that a beiim 
of light sent across the air into which infusions might Ije 
placed and examined by the eye, rendered sensitive by dark 
nesg, might be utilised with the best results in determining the 
existence of bacteria-^erms. To bring the idea to a practical 
result a number of ehamljers were constructed with glass fronts. 
At two opposite aides facing each otber a couple of panes of 
glass were placed to serve as windows, through which the 
electric beam might pass. A small door wus placed behind, 
and an ingenious device was arranged to enable a germ-tigh 
pipette to have free lateral, as well as vertical, motion. Con 
nection with the outer air was preserved by means of two 
narrow tubes inserted air-tiglit into the top of the chamber. 
The tubes were bent several times up and down, ** so as t« 
intercept and retain the particles carried Ijy such feebl 
currents as changes of temperature might cause to set ii 
between the outer and the inner air," 

Into the bottom of the boxes were fitted air-tight large tesi 
tubes, intended to contain the liquid to be exposed to thi 
action of the moteless air» 

" On September 10 the first case of this kind was closed, Tlie 
passage of a concentrated beam across it showed the air within 
it to be laden with floating matter. On the 13th it was again 
examined. Before the beam entered, and after it quitted the 
case, its track was vivid in the air, but within the case it 
vanished. Three days quite sufficed to cause all the floating 
matter to be deposited on the sides and bottom, where it wa^^ 
retained by a coating of glycerine, with which the interior sur-^| 
face of the case had been purposely varnished. The test-tubes ^ 
were then filled through the pipette, boiled for fi\^e minutes in 
a bath of brine or oil, and abandoned to the action of the mote^H 
less air,'' ^^ 

In this way the air in its normal condition was freely supplied 
to the infusions, but of mechanically suspended matter it could 
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I he demonijtrated that there was none. And it waa proved, with 
a clearness that admits of no quibble, that infusions of every 
kind| animal or vegetable, were absolutely free from putre- 
fcctivc organisms. ''In no single instance , • . did the air which 
had been proved moteless by the searching beam show itself to 
possess the least power of producing bacterial life or the 
associated phenomena of putrefaction." But portions of the 
same infusions exposed to the common air of the Koyal Inati* 
tut ion Laboratory at a continuous temperature of from 60** to 
70° Fabn fell invariably into putrefaction ; and when the tubes 
containiflg them amounted to (^00 in number not one of them 
escaped infection — they were all " infallibly smitten," Here is 
irresistible evidence that there is ix direct relation between a 
mote-laden atmosphere and bacterial development. The whole 
series of Dr, Tyndall's exquisite experiments ia simply an 
irrefragable affirmation of this truth. The presence of the 
phy^iically demonstrated motes is aa essential to the production, 
in a sterilised infusion, of septic organisms, as light is to 
actinic action. They cannot be made to appear without the 
precuraive motes ; they cannot be prevented from appearing if 
the motes be there. That these are the germs of bacteria by 
themselves, or associated with minute specks of matter, ap^ 
proximates to certainty in the proportion of hundreds of 
millions to one, 

A beautiful illustration of the minuteness and multitude of 
the particles is given* Let clean gum mastic be dissolved in 
alcohol J and drop it into water; the mastic is precipitated and 
milkiness is produced, Gradually dilute the alcoholic solution, 
and a point i^ reached where the milkiness disappears, and by 
reflected light the liquid h of a bright cendean hue, ■* It is in 
point of fact the colour of the sky, and is due to a similar 
cause— namely, the scattering of light by particles small in 
eomparison to the size of the waves of light-'* 

Examine this liquid with the highest microscopical power, 
sad it appears as optically clear as distilled water. The mastic 
particles are almost infinite in niunber, and must crowd 
the entire field of the microscope ; but they are as absolutely 
nltra-microscopic as though they had no existence, I have 
teat-ed this with an exquisite -j^ of Powell and Lealand's, employed 
with a new and delicate mode of illumination for high powers,* 
and worked up to 15,000 diameters; but not the ghostHest 
semblance of such particles was seen. But at right angles to a 
luminous beam passing among these particles in the fluid 
^nhey discharge perfectly polarised light/* "The optical 
deportment of the floating matter of the air proves it to be 

• Vide '' Monthly Micros. Jcam,'^ April 187a 
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eomposedi in part, of particles of tbis excessively miaute 
character/' and it is among the fineflt of these ultra-micro- 
scopical particles that Professor Tyndall findts the sources of 
bacterial life. It is almost impossible to conceive a nearer 
approach to certainty concermng the nature of these miouta 
particles than thia* Their minuteness, their capability of being 
physically demonstrated, the absohite necessity of their 
presence to the origination of bacteria in sterilised infusions of 
any and every kind, taken in connection with what we hmif 
concerning the germs of the Iteterorniia whose life-histories 
have been studied, render it simply inevitable that we have at 
leDgth reached, what we are justified in believing to be, a 
genetic product of the bacteria through which their con- 
tinuation as organistDs is preserved. When first I saw the 
aim pli city and beauty of this method, it struck me that its 
applicability as a test in reference to germs — known to be suck — 
would have considerable collateral weight ; and a method of em- 
ploying it was suggested by a fact in past experience,* I had in 
my possession a maceration of cod's head, which I had kept in use 
for eleven months. It had become a pulpy mass^ and in the 
middle of January last it was comparatively free from bacteria, 
but swarmed with two monads— the fourth and sixth of the series 
described by my colleague and myself. To ascertain their exact 
condition, I watched them on the " continuous st^ge " for three 
consecutive days, and found that both forms were to be seen 
plentifully emitting spore. The maceration had become very 
short of moisture, which served mj purpose, I subjected it to 
a dryer air with a higher temperature, and it was not very long 
in becoming a moist pulpy mass, with suflScient cohesiveness to 
be removed from the vessel ; and in this condition it was placed 
in a heatiog chamber, which was slowly raised to a temperature 
of 150*^ Fahr,, and kept at this for an hoiur. This was 10* 
Fahr, higher than Dr. Dry&dale and myself had proved neceasary 
to deetroy absolutely every adult form- The baked maas now 
appeared cracked, porous, and flaky. In parts it was extremely 
friable, and with little pressure criunbled into jdmost im- 
palpable powder ; while by iriction a very large proportion was 
reduced to the finest dust. To avoid all possibility of error 
this powder was again exposed in the heating chamber^ spread 
over a plate of glass, to a temperature of 140** Fabn for ten 
minutes — thus rendering the plea of mere desiccation im- 
possible. 

A chamber or box was now prepared precisely like Professor 
Tyndairs, except that there were no tubes to communicate 
with the outer air. 
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In the ** Ecsearclies " on the life-history of monads we bad 
proved that they could live, thrive, and multiply almost as well 
m Cohn's *' nutritive fluid *' as in the normal animal infnsion- 
Tliis fluid is composed of phospliate of potash, sulphate of 
magnesia, triple basic phosphate of lime, tartarate of ammonia, 
and distilled water. If these ingredients are all mingled the 
fluid becomes speedily charged with bacteria, unless hermetically 
ee&led, and sometimes e^^en then- We therefore keep the 
amnLonia in a separate solution, mixing them when required, 

A portion of the fine dust of the maceration was now taken 
and thoroughly scattered through the air of the prepared 
chaml>er. The condensed beam from an oxyhvdrogen lime- 
light* was then sent through it- Its line of passage was far more 
brilliantly marked inside the chamber than in the outer air. It 
was deemed inexpedient to insert the flnids while such brilliant 
pointfi were visible in the air, and four hours were suffered to 
elapse* The lime-light beam was still visible with perfect 
distinctness, hnt its path within the chamber was much less 
brilliant and more homogeneous than it was without. The 
fluids were tlien carefully mixed, and five small glass basins of 
the mixture were inserted. The whole was undisturbed for five 
days. At the expiration of that time the beam of the lime- 
light sent through tlie chamber was absolutely invisible, 
although perfectly clear in the open air on both sides of it. 

The fluids were now withdrawn. Ten " dips '■ were taken 
out of each basin for microscopical examination. In every '* dip " 
— that is, fifty in all — one or other of the "iamaule appeared^ 
iindw6r& in a state of active fismoni and in twenty-seven of 
the ** dips " both monads were found. Bacteria swarmed the 
field, which of course I fuUy expected- 

I now took five other glass vessels, and inserted them with 
great care into tlie nowmoteless air of the chamber, and poured 
in, as before, fresh Cohn's fluid* They were exposed for another 
iive days. On careful microscopical examination of seventy-five 
** dips" not a single manad of either fm^n appeared ; bacteria 
were feebly present, but of course no steps were taken to guard 
against these, and, as before, they were anticipated. 

The air of the chamber was again impregnated with dust, as 
before suffered for a time to settle, and these same vesseh of 
jtuid^ which had yielded negative results, were again placed in 
the chamber. At the expiration of five days they were again 
examined, and one m* other of the rtw7iad8 was found in every 
Btusceeaive *' dip.'' 

Now let it be observed tliat there can be no possible error as 



• Thifl was of course rery much leas capable of " searchiog '* tban th©^ 
electric beam ; but it seryei for the rougher end I bad in yitjw. 
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to tbe forms. They were the identical species of the maceration, 
irith which I am as familiar as with a baru-door fowl. What, 
then, is the logic of these facts ? Dr. Tyndall proves that bac- 
teria only de%*elope in sterilized iafusioBs when the air around 
them is Udeu with motes of incalculable multitude smd exquisite 
minuteness. Given the presence of these, and the development 
of bacteria is inequitable. The inference is that the motes are 
germa^ The above experiments show, that in closely allied 
septic organismsj the germs of which have been demonstrated 
and their developments watched, if the dry fUhris of a mace^ 
ration in which these forms are found be scattered in the air 
around a prepared fluid, and demonstrated by similar optical 
means, that the said organisms develope ; but if the minute 
dust from the dibrlB he optically proved to be ithmnt^ none of 
the monad forms appear. Here we do not hypothecate a germ, 
but we hima that it exists ; and its deportment in similar con- 
ditions is identical with that of the assumed bacterial germ- 
Do we need more irresistible evidence that the bacteria develope, 
not de novo^ but from genetic products ? 

Evidently Dr. Bastian thinks we do. He tells \is in effect 
that if Dr. Tyndall has not succeeded, others have, in seeing 
baeteria reappear in infusions that have Ix^en exposed to a 
boiling heat for five minutes* This is true ; but not to the ex- 
tent nor with the meaning Dr. Bastian claimg. He furnishes a 
list in '* Nature " * for example, of those who ar^ supposed to 
have secured the results he insists on. But this list is, perhaps 
hastily, but in eflfect^ most unjustly framed. It is not surpris- 
ing to see strong protests from the investigators concerned.t 
The citing of Kobertri, for example, or Lankester and Pode, 
or Pasteur or Schwann, is simply a meaningless exercita- 
tion to all but the ignorant. Stripped of all disguise, the 
Bumber of caees of the appearance of bacteria in sealed infusion 
after five or ten minutes boiling is few and doubtfid indeed* 
But still there are cases, and in one instance at least admirmbly 
attested ; but they are confessedly exceptional in a high degroe. 
Dr. Bastian, however, prefers to interpret nature from the excep* 
tional flasks, and infer " spontaneous generation "* rather than 
be guided by the cumulative and overwhelming evidence of the 
existence of bacterial germs, as tbe medium of their normal 
reproduction. This must mean either tbat he believes that 
these organisms originate de novo as well as by germs, wbich 
is a direct petitio prindpUi or else that he is incap^tble of 
seeing the force of the facts which render the exiitence of 
germs inevitable. From the conflicting evidence of his own 
writing it would almost appear that he endeavoured to maintain 
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hoth these %^ews. He has recently siiid, 

results, admirable as they may be in themselvesj am aUogether 
cQlIutercd^ and do not bear ujyon the iruim pohd atwsue*'^* 
iSurely the '* maiD point at is see *' is the mode of origin of 
bacteria, and we cauTiot get much nearer the origin of an 
organic form than by tracmg it to a genetic product--a spore I 
This was originally Dn Bastian's ques*tioD— did bacteria origi- 
nate de novoj or from parents ? It is not so now. He says» 
** Tlie question is, not what air does or does not contain, since 
I have long ago shown . . < < that boiled fluids can he made to 
putrefy and swarm with bacteria in closed flasks, from which 
air and whatever it may contain has been expelled." f The 
same reasoning also obtains in his communication to the 
** Lancet *' $ aud to " Nature." § The result is clear. The 
doctrino of " spontaneous genemtion " rests upon exceplimis for 
it* truth. In rare instances, and in special infusions, bacteria 
have appeared after prolonged boiling. After a careful sifting 
of the evidence, the meagretiess of the testimony Is striking. 
All that can be fairly taken atall, when justly weighed^ if taken 
altogether, is not equal to the evidence given by Dr. Eurdon 
Sanderson^ || But it is well known tluit^ while admitting and 
publishing the facts, he ignores absolutely Dr, Bastian's infer- 
ence. And surely this is the truer philosophy. Jjet it be 
^rant^d that by means not now explicable, the germs of bacteria, 
destructible in filtered inftisions at a boiling temperature, are 
feehly, and at times, able to survive a slight continuation of the 
lK>iling point in infusions containing solid particles without ap- 
parent injury, is not that a ground for enquiring the reason 
why, rather than for infen'ing " spontaneous generation ? " If 
we can prove that in 99 cases out of 100 actual germs are 
destroyed at 21:^'' F., hut that, in exceptional circumstances, 
the remaining one case yields bacteria after exposure to 212" F- 
for some minutes, is not that a reason for inferring, and looking 
for, some protective influence upon the germ, rather than 
launching into an hypothesis of an new mode of origin ? 

That the medium in which minute organic forms are subjected 
to heat exerts an influe!ice on their subsequent deportment I 
can abundantly prove. I am equally convinced that the death- 
point of bacteria germs hovers very near tlie boiling point of 
water—a conviction amply sustained by fact. This being so, 
the survival, as germs, of some few, amidst incalculable myriads, 
hj some accidental prf>tection, is surely possible. So that, 
indeed, all true work now should be a study of the germ and its 
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properties^ and a discovery hj patient researcli of the life- 
history of the organism. 

The valueless nature of mere temperature experiments on 
Buch organisms, as testa of their ability to sunive, without a 
knowledge of tlicir life-history. Dr. Bastian, wUhout knmaing 
ity has made gufficiently plain. He g:ives a brilliant inmtration 
—gtyled by himself ^'typical'* — of the futility of his own 
method. Consider the facts. 

In our " Researches" on the tuonadsj my colleague and myself 
made it a special point to institute u aeries of investigations on 
the points of temperature which the adults, and the spore, of 
each form studied coold resist. The results were as unexpected 
as they were remarkable, Only the results can here Ije stated. 
Taking the spore-sacj of the several forms in the order in 
which our illustratiou gives them, the data are as follow — ^viz^ 
fig, 1 survived after cXposuro to 250^ F, \ figs. 2 and 4, SOtf" F, i \ 
fig. 3 (which produced living young), ISO'' F. : figs. 5 and 6^ 
250° F. That is to say, the spore, after the hcailnf; to tlie 
ahove-nmned tevipe^ratmvs^ were followed step by step until they 
reached the parent condition. The adults of each form were 
absolutely destroyed at from 130^ to 140° F- Thus, if all the 
examples be taken together, it Mill be seen that on the average 
the spore have a capacity to re??ist heat better than the adult in 
the proportion nf 1 1 to G, This is surely important. 

Now, until Dr. Ba^tian s promised **new resulta"* have 
appeared, I believe I am justified in afiirming that' the strongest ! 
ernes on which even he relies for ''f^pontaneouji generation*' ore i 
recorded on pp. 175-180 of his "Evolution and the Origin of' 
Life." They are thus introduced : — ^" After this I may, perhapa, 
be deemed fully justified in quoting two very typwal experi- 
ments for the fiu-ther consideration of those who t^t^ve off the 
belief in spontaneous generation — either by relying on insuffi- 
cient reasons for doubting the influence of boiling water, or h 
because of their following Pasteur, Cohn, and others in sup- B 
posing timt certain pecidjar bacteria germs are not killed except ~ 
Ijy a brief exposiye to a heat of 227'^ or 230*' F. For even if 
we could grant them these limit,*, of what avail woidd the ( 
concession be • . . • in the face of the following experiments?" 
The details of the experiments ftillow. They are alike in method, 
and we will concern oiu-selves only wdtli the second. A strong 
infusion of common cress, with a few of the leaves and stalks of 
the plants, were inclosed in a fiask, which was hermetieally 
sealed while the fluid within was boiling. It was then intro- 
duced into a digester and gradually beatetl, and afterwards kept 
at a temperature of 270-275° F. for twenty minutes, and was. 
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f^tamed at a temperature, if the time of heating and coolins: be 
considered, over 2:^0'^ F. for one hour* This flask was opened after 
nine weeks. The reaction was acid ; the odour was not striking. 
On microscopical examination with a -^ incli objective '^ there 
uppeartd more than a ilozen venj active w.miadE*^ 

Now, fortunately. Dr. Bastian has not only carefully tneaBiu-ed 
and described these organiBms, but he has drawn themj and 
tbey are reproduced on the frontispiece of the book. Ho 
describes them as the l-4000th of an inch in diameter; they 
were provided with a long, rapidly mo\4ng lash (flag^ellam), by 
which granules were freely moved about. But, besides this^ 
^^ there wem mam/ synaller^ motiordesa^ tailless spherifUn^ 
of different si^es^ whose hody-suhstances lyreaeMfA a siiuUar 
appearance to that of the monads — and of which they were in 
all probability earlier developmental forms," • 

Now, by careful comparison, I find that this monad is no 
other than the '* uniflagellate monad," which is the fonrth in the 
eeriea whose life-hifitories were studied by Dr^ Drv^dale and my- 
eeiet Fig.^, 7 and 8, PL CXXXIII,, will help to make this clear, 
where fig, 7 is an exact rendering of Dr, Ikibian's monad magni- 
fied 800 diameters ; and fig, 6 iE5 a drawing of the ** uniflagel- 
late monad *' descril^ed by my colleague and myself, magnified 
2,500 diameters. We describe it thus : — ^*Its exterior form is 
extremely simple, being ovoid, with a single flagelliim. Its long 
diameter never exceeds the l-4000th part of an inch " in length-J 
Xow, from a very prolonged and carefLil study of these organ- 
isms, I am comnnced that Dr. Bastian's form and ours are ab- 
solutely identical. But to make the tiling simply irresistiljle 
we have fiirtlier and final evidence- One of the metamorphoses 
of this monad on its pa??sage to multiple fission h that it loses 
its fiagellum, and becomes precisely what Dr, Bastian saw all 
around — ^a motionless spherule," § These little bodies are less 
in diameter than the active monad, and of precisely the same 
structure- Tlie identity is thus complete. The evidence is as 
full as nmy be ; the monad Dr- Bastian saw was the one whose 
life-history was fully worked out. As usual, it multiplies by 
iiBdonj hut the fission is multiple. It then passes to a sac-like 
condition, resulting from the uniting together or fusion of two 
individuals- This sac becomes still and bursts, as seen in fig« 
4, pouring out spore that taxed our highest powers and closest 
watching. The spore of only two of the monads studied sur- 
vived after exposure to a temperature of 300'' F. This is onA 
of them. 

Now, Dr. Bastian says, '^ A drop of the fluid containing several 

• ** Efolution/' p. 178. t *' Monthly Microi. Joura/' vol m, p, 69, eC «g. 
tP. 09, ibid. 5r,6D,ihld, 
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of them active monads was placed for about five minut.es ot^^ 
glass slip in a water oven, maintained at a teniperature of 
140° F. All the movements of the monads ceased from that 
time, and they never afterwards shoived any signs of life.*** 
Thi$ is precisdy our experience. But now mark tlie reasoning. 
This monad was killed at 140"^ F,, but it was found hi mtin/u- 
aio7i that h(ul been heated up to 275^ F. ; theuefoeb it must \ 
have originated de novo* 

But it has been shown that the monad has germs^ and that 
these have a power of resisting heat up to 300"^ F, — that is to 
Bay, 25* F. higher tlian that to which Dr. Bastian*s infusion nma- 
exposed —and Iherefore, by the logic of facts, the monads ibimd 
were not a result of "spontaneous generation," but were the 
natural otdcorne of a genetic product contained in theinfumon^ 
mid ivhich the heat eniploi/ed could 7tot destroy. 

We need no stronger proof of the futility of reasoning con* 
ceming the theiTnal death-point of a minute organism where 
developmental hii^tory is wholly unknown. Yet so confident is our 
experimenter of his result tliat he Bays: " Nothing that has yet 
been alleged, by way of objection to the admission of spontaneous 
generation as an everyday fact, at all effects guch experiments 
as these- Tlie shortest way out of the difficulty would, therefore^ 
be to doubt the facta" But I think I have shown a still 
shorter way *' ont of the difficidty," and that, without the 
discourtesy of doubting Dr, Bastian's experimental ** facte." 

The truth, then, is that Dr. Bastian had no real knowledge of 
the monads but he argued as if he had* Hence assumed 
premises l^ to a false and fatal conclusion* 

He is simply repeating this in his latest attitude in reference 
to the question of the mode of origin of bacteria. Compelled 
to yield all else, he throws up a rampart round his exceptional 
flasks, and declares "spontaneous generation" to be impreg- 
nable — an inviolable law of nature. Dr. Tyndall is plainly told 
that his knowledge is insufficient, that he has mistaken the 
meaning of the question, and that his mode of treating it is 
" laup:bable ; " f and all this arises from the fact that Professor 
Tyndall dealt with the question of the inode of origin of bacteria 
generaUy ; whereas, to have pleased Dr. Bastian, he ought to 
have explained some exceptional conditions to which he now 
points^the exceptions being more important than the rule ! 

What are the facts ? 

L Dr. Tyndall has proved, in connection with a host of others, 
but in a more definite and precise manner, tliat in filtered 
infumona five minutes' boiling does kill every form of bacteria. 

^» *^ETolu1ion and tlie Origiii of Life," p, 170. 

■ ^jBcet," Feb. Bf 1870 J find "Brit. Med, Joimi." Feb, 5, 1^7a 
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II. He has further shown that they are propagated by 
demonstrable germs only^ in such infusions ; and 

III. This fact removes the probability of their spontaneous, 
generation to an almost infinite distance. 

As to the development of bacteria in infusions charged with 
solid matter, precise experiment of a suflBciently comprehensive 
character has yet to be made on them, in relation to the demon- 
strated germs. Meantime, shall we accept " spontaneous gene- 
ration " on such ground as its strongest advocate has now to 
offer, and ignore the vast chain of facts copiously attested and 
controlled, which are in perfect harmony with the known laws 
of the entire organic world ? This, and nothing less than this,, 
is what Dr. Bastian inculcates and demands. 



EXPLANATION OF PLATE CXXXIIL 

Fig. 1. Spore-sac of the cercomonad — ^the first in the series of Messrs^ 

Dallinger and Drysdale's " Researches " — emitting spore. 
Figs. 2, 3, 4, 5, and 6. The same states of the five other monads of the 

series. 
Fig. 7. A monad found bv Dr. Bastian in an infusion, after heating up^ 

to 275° F., said to be spontaneously generated. 
Fig. 8. The same monad as seen by Dallinger and Drysdale^ and the- 

spore of which (j^g. 4) survives 300° F. 
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THESE iDgenioos and beautiful little mstniments were 
iavented by Mr, Crookes. I believe he at first supposed 
that they ihowed ** repulsion by radiation " of heat ; since then 
he tjpeaks of them as showing the " mechanical action of light,'* 
and ha§ gone so far with his experiments as to weigh a ray of 
light, prox'ing that the forc^ of the light our earth receives 
from the sun is equal to fifty-seven tons per square mile, I 
have been experimenting for nearly three months with some of 
the radiometers made by Dr. Gcissler, and obtained through 
Mr. Browning, who has kindly placed at my disposal mwB of 
the best he has had. As these little instruments are not gene- 
rally known, I will tiy and give a description of them before 
heginning an account of my experiments. Four little aima 
of oqnnl length are fastened at right angles to one another, and 
att^iched to a socket of hard glass, in which the point of a 
needle works as a pivot. On the free end of each arm is 
fafitened a vane, black on one side and white on the other, each 
one of the same size, and so placed that they shall lie like a fl 
contimmtion of the arms, and be at right angles to the plane of " 
revolution- These arms, vanes, socket, and needle are enclosed 
in a glass globe, with a hollow stem, which serves as the means 
of keeping the globo upnght by fixing it in a hole in a short 
wooden gitund. The air is exhausted from the globe by means 
of a Sprengel air-^piunp imtil the nmrest approach to a perfect 
vacuum has been obtained. All my experiments seem to point 
to the conclusion that " heat " is the motive power, and not h 
^* light " ; that is, if they can be considered as separate agencies, fl 
A theory of the action of the heat has been suggested to me by ^ 
my brottier, Mr. Cecil Cunnington, which ae-i?ms to be alile to 
account for all the phenomena I have as yet observed. I will 
not give it until after the account of my experiments, as it will 
then perhaps be more intelligible* 
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LI have two radiometers exactly alike in tnakej with the 
Htception that one, which I slmll call A, 1ms diamond-shaped 
vanesi, of whicb the re9ccting sides are not so effective aa the 
absorbing sidei*; and in the other, B, the vanes are roand, 
with very effective reflecting surface^s but indifferent, absorbing 
eurfaces- 

Wben A and B are placed, sajj six incites from any 
soiurce of li^ht, as a candle or in daylight, the black discs in 
A are repelled much quicker than those in B — that is to 
say, the rotation is much quicker in A than in B- This 
difference would he partly caused by the difference in blacfe area 
in the two :*hape3 of the vanes, but other reasons for it will 
be mentiouod hereafter, I i^hall class my experiments imder 
two sections* Under the first, I will describe those in which 
beat acts immedUifdy upon tlie globe of the radiometer ; imder 
the other, those in which Uf/ht and h^at act indirectly upon it. 
The esperiuients will make these detinjtiona more intelligible. 

L I broui^hfc radiometer A into a dark room (without a 
fire), and liglited a email benzine lamp, placing it almost 
directly over the top of the globe, and about two feet from it. 
I turned (Jown the flame until the vanes were only just visible- 
The light had no effect on them, and in fact had none when I 
afterwards turned it up to its full height, I then placed one 
finger on the side of the globe, much iisarer to a black tkcui to 
a whittt disc (for convenience I shall call one side of b, vane the 
white, the other the black disc)* The black was at once 
repelled, but not with sufficient force to allow the white disc 
on the next vane to pass the heated spot, and so bring the next 
black disc imder it^ power, I then allowed the globe to cool, 
and placed my ftnger as before, only much nearer to a white 
than to a black disc- The white was repelled nearly as much 
aa the black had l>een, but the next vane was not brought past 
the heutbd spot. In no way could I force a vane through an 
angle of 90'". With two tiogers, one on each side of the globe, 
the effects were the same as when I used one tinger* I then 
eurrounded the globe completely witli ray Tvarm hands ; no 
rotation wiis prodnceth The discs moved backwards and for-. 
wards through au angle of about 40°, I then allowed the globe 
to cool—no mutioni Bringing radiometer B into the same 
position, I placed my finger as before, nearer to a white disc. 
It was repelled through an angle of about 40"^, but the next 
vane wns not hrought past the heated spot. On removing my 
finger, the black disc gradually approached the heated spot, 
and, as soon as it had passed it, the movement quickened, and 
complete rotation ensued. This backward movement, appa- 
rently resulting from repulsion of the white discs, I shall betei- 
after call the '* reverse motion.'* As soon aa tbe discs \>ecamfc 
roL* JCK*^ — so* UX* K 
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fitationarr, I plarcni mj finger neare^^t to :i Maek dii^c; it was 
once repelled; the wbite approach td, f>ai5??ed the warm 
the next black wm ihcm, repelled — thus ccmtimioiis rotation was 
produced, 1 then removed mj finger, and allowed the globe 
to cooL Prictieo soon overcame momentum^ the vaoes stopped, 
and ** rreerse motiati ^ immmiuttelii cm/imeneed. With a finger 
on opposite sides of the globe, the sume effects are produced, 
but with greater intensity. When perfectly still 1 tarued 
flame of the lamp down so low that I could not disting 
anything in the room, and then surrounded the globe with 
warm hands. In about half a oiinute^ suddenly turning up 
fiame^ I found the vanes rotating rapidly (making 40 or 
50 complete revolutions per minute), the black discs being 
repelled. Removing my hands, revere motion eo&ued ; and as 
8oon as the vanes had become stat ionary, the tempemture 
being equali&ed» I turned down the flamc^ m that there was only 
just enough Light to enable me to see the vaues, and again 
placed my hands round the globe. The lilack disca wei ~ 
repelled, rotatioo quickened, reached its tnaximiim, and th« 
gradually decreased in velocity until the vanes were perfectly 
stationary. The little aij indde having been raiised to the 
same teraperatore as that of my hands, when they were re- 
moved rapid reverse action at once ensued. When the van 
again became stationary^ I allowed two or tliree drop 
Bulphurie etber to fall upon the globe. The rapid evuporatioi 
producing cold, immediately caused reverse motion^ wbi« 
continued for two or three minutes, when the vanes again be- 
came stationary, and the motion was reversed^ the black discs 
being now repelled as the globe was receiving heat from the 
outside air. This experiment can be repeated for any number 
of times ; the hotter the surrounding air, the greater the effect. 
It can be produced as weU in the iark as in the light, and if a 
fiingle drop of ether tall on the globe every four or five minui 
rotation^first in one direction, and then in the other — m 
continue until the temperature of the whole of the surroimdi 
air be reduced to that degree of cold obtained by the rap; 
evaporation of the ether. Thus, with a perfect radiomei 
tmlimited supply of Esther, and means of dropping it wh 
required, motion may be produced which must practically be 
perpetuab 

The next experiments were tried in daylight. I placed B 
in front of the fire for a few seconds. The black discs wej ~ 
repelled with such rapidity that I could not distinguish tl 
vanes. On putting it quickly outside my window, where the 
thermometer stood three or four degrees below the frcMjzi! 
point, the rotation soon ceased, and reverse motion ^ct in, 
£r$t with a velocity equal to thirty-three complete r^voluti 
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per minute ; this motion, gradually decreasing, continued for 
nearly ten minutes. These and many other siniOar esperimenta 
seem to point to the conclusion that when a radiometer is cooler 
than ita surroundings, or, in other words, is receiving heat, the 
black discs are repelled i but if, on the other hand, it be 
wanner than its siirroimdings, and is giving out heat, the white 
will be repelled, or the black attracted. 

By covering the globe with hot and cold glass shades alter- 
nately, I have made the discs revolve in whichever direction 
I wish, I have no donbt that all radiometers with reflecting 
and absorbing discs may be made to rotate in either direction, 
provided they are properly treated, some requiring greater 
differences in temperature than others- I find that my A, in 
order to obtain reverse motion, must be subjected to a change 
of nearly 40°, while B requires very much less. The latter 
is so sensitive that, when rotating under the influence of sun- 
light, reverse motion sets in when the window-blind is drawn 
down. The effect of hot or cold breath upon the glass is 
similar to the above ; so one can hlotv the vanes round in either 
direction. 

When A and B were placed on the cbimtiey-piece, both 
the black discs were repelled under the influence of diffused 
mnlight i A with a velocity equal to three revolutions per 
minute, and B seven. Both were then covered with equally 
cold glass shades (at about freezing point). In five seconds B 
Stopped and reversed motion (five revolutions per minute), 
ifcopping in about 1^ minute, and then again repelling the 
black. A simply decreased in velocity for a minute or 

■two, and then moved as quickly as before being covered with 
iBte shade. When a candle was placed seven inches from B, 
the black discs were repelled at the rate of eleven revolutions 
per minute* I then covered it with a cold glass shade. 
Motion ce^tsed in thirty seconds, and reverse motion set in 
(against tlie candle-light), and continued for forty-five secondgj 
when it again stopped, and original motion ensued* I then 
placed A 10^ inches from the same candle, which caused 
the black to be repelled with the same velocity (eleven revolu- 
tions per minute). When covered with the same glass shade, 
re-dulled to the same temperature, the rotation decreased to 
Etx revolutions per minute, and then gradually quickened as 
the ibade became warmer. To cause the black to be repelled 
fix reTolutions per minute, I had to place the candle 15| inches 
from the globe. 

I must now pass on to section II- The last-mentioned experi- 
ment comes partly under oue section and partly imder the other. 

When a candle or any source of light is plac€sd, ^^^ ^ 
inehes from the glohe^ the heat, having passed tbioii^V ^ 
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inches of air, is incapable of heating the redduum of air within' 
the globe* and unless the radiant heat is very great, the gl 
is not appreciably warmed. I placed one candle about 
inches from B, and found it^ lifjht (or heat) capable 

produciDg Blow black repulsion. Eleven other candles we 

then lighted on the name side of the globe, and at the same 
distance from it ; they produced quick rotation. Ten of thea 
were then suddenly blown out ; the vanes soon became stations 
and reverse motion set in, the black discs moving against 
light of the two candles. Under other conditions, these 
candles would have caused them to be repelled with a velocity ' 
equal to 1 1 revolution per minute. With three lighted ctmdles, 
and then two of them blown out, the same efifect was produced^ 
though not with the same intensity* By raising or loweriofc 
the flame of a benzine lamp, rotation in either direction can jfl 
produced ; the degree of reverse motion, I lind, always depenff 
ing on the degree of diminution of light. These effects cannot 
be produced with radiometer A, 

Into a large glass jar, filled with a strong solution of aim 
I placed Aj the globe l>eing surrounded with nearly ttir 
inches of the solution, When the solution wag of the sai: 
temperature as the air of the room, I placed a lighted candle 
one inch from the jar, another exactly opposite, one on either 
flide, and so increased the number to nine, but no movement of 
the discs was caused, except when the sixth candle was lightdfl 
Then the discs moved through an angle of 135% and agasP 
became stationary. The reason of this will presently he 
explained. When the tenth candle was lighted, the black 
discs were repelled with a velocity of 2^ complete revolutions 
per minute; with the eleventh candle, 3^; twelfth, 4; 
thirteenth, 4J; fourteenth, 5 j fifteenth, 6^ ; sixteenth, 8|, 
By gently stirring the top of the solution with a glass rod the 
movement was increased to lOf revolutions per minute, I 
find the action of light which has passed through alum solution 
much gi*eater when the eolution is not perfectly still. When 
the aiith candle was lighted an accidental shake given to the 
table produced a little motion in the liquid, and the discs 
moved as mentioned above. If the solution be stirred U 
violently, the colder liquid from the bottom is forced upwarii 
and rotation ceases. This can also be effected by allowing] 
little of the solution, chilled in a pipette, to run down the eiG 
of the globe^ By the same means, a little of the solution when 
heated will produce repulsion of either disc, as in the experimeD 
with a warm finger, already mentioned under section I. 

I tried on B the effect of light after it bad passed throng 
different thicknesses of alum solution* The repulsion of 
black was always much decreased, varying with the thiekneflp 
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used* When the light of three candles passed through half an 
inch of the solution^ mIow rotation was produced. Two were 
blown out; the vanes stepped, and reverse motion ensued* 
Th*^ two candles were again lighted, and a short piece of 
magnesium ribbon burnt behind Iheirii Rotation im- 
.Hjediately quickened, and as soon as the ribbon came to an 
emU the vanes stoppefl, and reverse motion ensued. The 
^me effects were produced when a thickness of 8 inches of 
the solution was usedj but in a letiJS degree. I find that when- 
ever light, passing through an alum solution of whatever 
tbiekne."4s, produces black repulsion, reverse motion l>egin3 as 
soon as the source of light is removed or in any way diminished* 
The mere perfect the radiometer, the less this diminution need 
be. In a radiometer with bad reflecting surfaces, the black 
repulsion will only decrease in velocity. Motion may altogether 
c^Lse if the degree of diminution of light be very great, but 
reverse motion cannot be produced- 1 find that the light of 
three candles, when passed through half an inch of the alum 
solutioG, and causing slow black repulsion in the radjometer, 
is capable of slightly heating the blackened globe of a dif- 
ferential thermometer, and causing a depression of the 
sulphuric acid equal to about one-thirtieth of an inch, the 
other globe being carefidly sheltered from the light. I could 
not ob^!erve any depression when a greater thickness of alum 
Eolntion was u^. 

I find that a source of light, however bright, cannot produce 
rotation of the vanes of a radiometer unless it is capable of 
raising the temperature of the residual air within the globe. 
Two or three experiments, I think, prove this, I placed B 
clo^ to a given source of bright light ; very rapid black repulsion 
at once ensued. Taking it from its stand, and heating the 
whole of the globe and stem over the flame of a spirit lamp 
imtil the glass was very hot, and the air inside raised to a like 
temperature, I quickly placed it in its original position, and 
found that the light had no effect, the vanes remaining per- 
fectly stationary for more than a minute ; when, the glolte and 
internal air l>ecoming cooler, black repulsion ensued. Wishing 
to produce this etifect without sensibly heating the globe, I 
pkced the stem of B in a large test tube filled with cold 
WEter. The bright light of a candle placed B inches from 
^e globe produced ciuick rotation. I then heated the test 
tube with tlie flame from a spirit lamp, taking care that the hot 
external air should not ascend and warm the globe. As the water 
tiecame warm, and heated the air in the stem of the globe, the hot 
Intenial air rose, the black repuli^ion became less and less, and 
when the water nearly boiled all motion ceased for a few seconds, 
and t^i/erae motion set in. The air inside now being warmer than 
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ne^ahatf-cnnni piaee, thoa pp gf WtiB g to a gyeat ertent an j 
ladiation of beai ^hdi ai^ pait of the ladkNiieter* I the 
aotaaed it with a laige glass jar^ and on one ode placed a aoln 
i^m of alum about half an indi thiek, which ptieTented the 
ladiaot heat from niiie eaudlea wanati^ the gfeba. These ome 
candles were tfana placed about 1€ indiei from the tadiometer \ 
their light having to pa» &ioiigh the ahnn iolntioii, the tv 
g}an sides of the wmaA ooolainiug it, the gksa jar and the 
ghsi of the globe, befiwe it could ^ect the discs. They were 
of soeh a height that the mofe they homt awmj the greatar ] 
effect they ought to produae, as the more light eould then pass 
thioQgh the di^er^Qt ghsaeB and the solotioii, and through the J 
cfiening in the cotton wool placed nearly opposite to them.j 
^Oiis opening was &o situated that the light ^onld ^1 almost 
entirely on the fc/octr discs. Soon after the nine candles were 
lighted I noticed that they caused the black discs to be repelled 
with a velocity equal to 4| complete revolutions per minute. 
After burning for 15 miniit^ the velocity had reduced to S^ 
revolution^?, and in time, I have no doubt, would ba\'t' almost^ 
ceased. Then suddenly taking off the cotton wool, the velocitj 
increased to 5^ revolutions^ at which rate it remained without 
change. Four candles produced at first 2| revolutions, de- 
creasing in 15 minutes to 1^, and when the wool was removed 
immediately quickened to nearly 3- The great difficidty il 
these experiments is to prevent the loss of heat from the globe 
by radiation. If all is preserved^ rotation, sooner or lateti^ 
would probably cease. 

I have reapton to believe that moonlight is capable of repel J 
ling the black discs, and that without the use of a coudensinj 
lens or tek*acope. 1 find the esperiment attended by cnauji 
difficulties; but if the radiant heat from the observer 
body at a distance of 8 feet from the radiometer 
incapable of affecting thti discs, when the temperature of tt 
surrounding air is 10* below freezing pointy the 
moonlight will cause the black disos to be slowly repelled at a" 
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Sate of about one complete revolution in two minutes. Thia 
Has tried with my radiometor B- With A the velocity 
waold be greater. According to tiie theory wliich has been 
suggested to me, tlie repulsion or attraction of the black disca 
is caused by the direct action of beat, and it seems to be able 
to account for all the phenomena I have as yet observed. The 
way in which it affects the discs is eomewhat similar to that 
fibowu in the " Ttevelyan rocker.'* Let lis suppose a radiometer 
with good reflecting and absorbing discs to be at rest, a candle 
to be then placed at a distance of 6 inches from it ; the 
light or heat from the flame, having crossed 5 inches of 
common air, i:5 incapable of heating the residuimi of air within 

e globe. It is arrested and absorbed by a black surface, 

hich becomes warm, and heats the adjacent particles of air. 
Tliey expand, and give the disc a push into the cooler air 
behind, which the reflecting, non-radiating surface wa^ in- 
capable of warming. The ordinary l>lack repelling motion 
would be thus produced ; the greater tlie heat the more the 
expansion, and the quicker the repulsion. Eemove the source 
of heat, and chill the globe. The friction soon overcomes the 
momentum, and the discs are at rest ; the air inside is warm ; 
the black absorbs a little of the heat closo to its surface ; causea 
contraction of the air. A space is formed into which the disc 
is pushed by the hot air behind it^ — the backward or " reverse 
motion '* would thus be caused. 

This reverse motion can never he very great, as the (motive) 
lieat is limits in quantity, and it is expended by gradual 
conversion into mechanical action, which has friction to over- 
come, and also is lost liy radiation from the outside surface of 
the globe. It is evident that unless the reflecting surfaces are 
good, this backward motion could not be obtained, as both 
sides of the vanes would cool the adjacent air by absorption, and 
the difference between the two actions would not be sufficient 
to cause the rotation. Tliis is why I can get little, if any, 
sverse motion in my radiometer A. 

When heat is applied to the globe direct, as is done by 
touching it with tlie finger, &c., the action is somewhat dif- 
ferent. The glass becomes warm, and it warms the air within, 
producing expansion, which repels whichever side of a vane is 
nearest to the warmest part of the globe. If this happens to 
be the white side, no rotatit>n can be produced, because the 
continued application of heat rcpek the white, and the opposite 
black disc (on the next approacliing vane) absorbs the heat, and 
baa, as in the first case, a strong tendency to move in th© 
opposite direction ; but should it happen that a black disc is 
nearest to the warm glass, rotation immediately ensues. The 
black being repelled by the expanded air, and taking with ifc J 
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into a cooler part of tbe globe enoogfa heat (ubtaiaed by ita 
abeorpiive power) to enable it to be further repelle*!, as in tit© 
way already described, the next black disc istbiis brought under 
the influence of the warm giass^ and tbe operation is repeated* 
II, when the white disc be first repelled, and no rotation pro- 
duced, the finger be removed, and the globe chilled, the black 
gradually approaches the heated part of tlie globe, absorbing and 
radiating the heat, and so contractiog the air, and making room 
for it^lf, as mentioned in the description of ** reverse motion.'* 
I noticed that the black surfaces on my radiometer B were 
gradually becoming more grey e^ery day ; in fact, the black 
(lamp black, I believe) was coming off little by little — in places 
it had worn almost white. This wa^ not the case with A, 
although it had done much more work. I at once thought that 
this was caused by the reverse motiou, the black particles 
having been sucked off by the contracting air. I therefore 
placed B on its side, and so collected the bldck dust in one 
spot in the bottom of the etem of the globe, and carefully 
placed it upright again. I then heated it, and so caused the 
black discs to be repelled with great velocity, carefully noticing 
at the time, liy the help of a magait^iug leng, whether any 
black particles fell on to that side of the stem tliat I had 
cleared of them. Not one appeared until the reverse motion 
began. I was then soon able to coimt a score or more. I 
repeated this experiment two or three times, and always with 
the same effect. It must not be tried too often, as every 
time it makes tbe black dif?cs less sensitive to the action of 
heat and light for further experiments. 

I think one can compare the residuum of air within a 
radiometer to a piece of elastic stretched almost to Its utmost, 
but far too strong to be broken by any " Sprengel air-pump." 

I have Boraetiraes used the word "heat,*' and sometimes 
** light*' in describing these experiments. They cannot be 
considered as two separate agencies. All that is Beceesary to 
produce *' black repiilrion'* in a radiometer is that one should 
use some part of the spectrum between the ultra red or heat 
rays, wherever they may begin, and the extreme Inmin out part. 
The action decreases rapidly from the red towards the blue. 
If the uUra red (or ^^ actire heat") rays be cut off by the 
intervention of an alum solution, the red rays (the othera giving 
but very little help) are absorbed by the black surfaces, and a 
little beat is produced, which it seems causes the repulsion* 
If a source of light be used which is very deficient in red rays, 
the light, however intense, is hardly capable of moving thi 
discs. I have used the electric spark from a " 6-inch " indui 
tion coil, intensified by introducing Le^'den jars into thi 
secondary circuit, and allowed the continuous stream of aparl 
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to pass between platinum electrodes. This dazzling light, 
when concentrated by a condensing lens on to a black disc, had 
no effect whatever, although allowed to remain there for many 
minutes. The same spark, when passing between carbon 
electrodes, repelled the black, and produced very slow rotation. 
The carbon was made warm by the electric current, and the 
radiant heat doubtless produced the effect. 

From the experiments I have described, I think we can 
deduce three leading principles which govern the movements of 
radiometers having good reflecting and absorbing discs. 

I. When a radiometer is receiving light or heat, being at a 
lower temperature than its surroundings, repulsion of the black 
discs must ensue, and continue until the temperatiures are 
equalised. 

II. When a radiometer is radiating heat, being at a higher 
temperature than its surroundings, attraction of the black discs 
or the apparent repulsion of the white discs, must ensue, and 
continue until the temperatures are again equalised. 

III. No source of light can produce repulsion of the black 
discs of a radiometer unless it is capable of raising the tem 
perature of the residual air within the globe. 



138 




KAILWAY TEAVELLING AND ELECTRICITV. 
Bt W, PREECi; C\E., 

OF THE l-OSt OFFICE TEtEtiUAi'H iJKFARTimsrt, 
PLATE CXXXIV, 



TEERIBLE railway accidents like that at AbboCs Riptonj 
excite the public interest with great iQtc?tJsity for periocU 1 
of time varying with the magmtude of the disaster^ and thttj 
amount of other stirring events occurring simultaneoiigly, j 
There is no sensation greater than that of a severe railway acci- 
dent* It affects eveiy one. We are all travellers by railvvaj, and ^ 
gelt-interest makes us read with horror and dismay of tbe death J 
of uwits in a railway train, if hile we pursue our breakfast, with] 
c^mpaTative calmness during the recital of fmndreds smoihQTed 
to death in a colliery explosion, or eent to eternity in a watery 
grave. The sensation is aggravated by the public press, wliii-^h 
gives such prominence to every detail of what is called *^* this 
railway butchery," while it leaves unehrouicled the terrible 
slaughter that occurs daily in our midst from other cauBes* There 
are more people killed every day bj accident than are killed 
every ffear from causes beyond their own control on the railways 
of the United Kingdom I Mr, John Bright said that a first-clatss 
carriage was the safest place to deposit oneself in, and a perusal 
of the following statistics will go far tu support that opinion* 

In 1873 no less than 17,246 persons met with violent deatlis 
in England and Wales, which is an average of 750 per million, 
or 1 in 1 ,354, or 47 per day. The causes of these deaths arc 
thus analysed : — 

Table L — ^Violkh-t Deaths nt Knolas^b axd Waxes fob tsm 
_ Year 1873, 

C»UM Of Deatti^ Nn. 

Injuries in minea * . ♦ , , 090 

Hecbanical injuries (not on milwaja oria mluea) * C,070 

Cliemiciilinjanes . t ♦ . * 2,784 

Asphyjtift -*-,.. ^^193 

ViokDce ( unclasaified) . * . . * QT9 

Ilnilways ....*. l^^DO 
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Some of these may be further analysed as follows : 



Table IL— -Analysis of 


Table L 




Cause of Death. No. 


Mechanical Injuries — 


Fall from scaffold (ladder) . . . .165 


,, „ window 






70 


„ downstairs 






456 


„ in ships and boats 






134 


„ from height 






600 


,j in walking 






93 


„ (not stated how) . 






. 630 


„ of heavy substances on 






. 600 


Horse or other animals 






269 


,, conveyance 






. 1,260 


Macliinery 






1,132 


Fight . 






6 


Blow, &c. 






124 


Gunshot wounds . 






185 


Chemical Injuries — 


Burns ....... 1,064 


Scalds . 






701 


„ (drinking hot water) 






60 


Lightning 






21 


Sunstroke 






98 


I'lxposure to cold 






138 


Asphyxiii — 


Drowned ...... 3,232 


Suffocated by food 


• • 


94 


,, bedclothes 


• 


611 


Hanged, strangled, and executed 


• • 


681 


Murder, manslaughter, and suic 


:ide 


• • « 


228 



Now let us take accidents to railway passengers from causes 
within and beyond their own control : 



Table III. — Accidents to Railway Passengers, fbom Causes within 

AND BEYOND THEIR OVTSi CoNTROL. 



Diite. 

1871 . 

1872 . 

1873 . 

1874 . 

Average . 


Within 1 Beyond 
own control. 1 own controL 


Total. 


45 
127 
120 
125 


12 
24 
40 
86 


57 
151 
160 
211 


104 


41 


145 
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This is an average of forty-one persons kiLled annually from 
causes beyond tlieir owij control ; and it shows, in fuot, tbat the 
railway companies are in reality more mindful of the liveg of 
their passengers than the pas^^ngers are of their own livetj. 

These latter accidents can be clatsiified as follows : 



TaIILE IV*— AcCID1£>'TS to IIaLLWAT PASSE3ffaKRS Eff 1874, FEOX CArsES 
WITHIN THEIR OWN CO!fTBOL« 



r a^Mc of Acsfdent. 
Frona falling" Wtween mmnj^ <ind platforms . 
Oetting out of ov into tmiiis in motion 
Croasiog lUe line at stations 
Fftlling down itairs at istatioiia 
Falling ont of enmnges during travelling of traiua 
Other accideota , « . . 

Total 



33 



10 
125 



This, however, is not the death-roll from all causes on all 
railways of the United Kingdom during the year 1874. The 
total number of persons recorded at tlje Board of Trade b& 
having been killed was 1,424. Of these 211 wer*3 pas&engerB, 
andj of the remainder, »88 were oflScers or servants of the 
railway companies, or of contractors^ and 425 were trespaiisers, 
or suicides, or others wIto met with accidents at level crossings 
or frommiH^ellaneous causes- 

1874 was, however, a very e^sceptional year, for no less than 
71 passengers were killed in the three fearfnl accidents on the 
Great Western at Shipton, on the Great Eastern at Thorpe, and 
OB the North British at Bowness Jimction- 

We cannot contemplate these figures without feeling that, 
compared with other causes, the danger of railway travelling 
must l>e exaggerated. Tliat there is danger in a train no on© 
can deny. It is impossible to stand upon a platform when an 
express rushes by without feeling that there is but a rivet, 
a bolt, or a rod between life and death. Yet, though we 
have just reatl the harrowing accidents of a dreadful collision 
in the north, we unhesitiitingly entnist our precious bodies in a 
railway carriage to the south, is a proof that we have faith in 
oiu- railway management, and that we tacitly admit tliat there 
is also safety in a train. Our ideas of safety are but relative. 
If the press gave as much prominence to the 94 cases of 
choking, or to tlie 45G cases of falling down stairs, or to the 
611 cases of being suffocated in bed, as it does to the railway 
accidents, we should hear less of the railway "juggernaut,'* and 
more of the skill and care with which the enormous laUway 
traffic of the coimtry is conducted. 
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The examinatiaD of the interesting statistics compiled liy the 
Board of Trade shows that, taking the following periods^ the 
proportion of passengern killed from causea beyond tbeir own 
control to passenger journeys made was : 



T-IBLB V,— PbOPOKHOK of rASSEyOERS KtLI*ED TO JotrRJfETa MaDE. 



3 years ending 1849 

4 „ 1859 
4 ,, 1S09 
n „ 187S 



1 in 4,789,188 journeys made. 
1 „ 8,708,411 
1 „ 13,041,170 



This gives striking ev idence of steady and constant improve- 
ment in the conduct of the railway traffic, for the safety in the 
period ending 1873 was nearly five times greater than that in 
the period ending 1849. 

If we take the average length of each journey at 10 mile?, 
one passenger is killed, from causes beyond his own control, for 
every 200,896,000 miles travelled. Thua, if a person travelled 
10 hours a day at the rate of 30 miles an hour for each of the 
365 days of the year he would probably l>e killed in I5835 years. 

How has the potentiality of danger of railway travelling been 
converted into comparative actuality of safety ? Freedom from 
accident depends upon the perfection of the road, of the rolling 
stock, of the signals, and, ahove all, of the men. But none of 
these elements are perfect. Accidents have been analysed 
into — 



Deflective permanent way 
, loUiug-stock . 
„ aigtiala . 
„ hunmn machinery 



1.^ per cent 
13 „ 

41 . 



Classified for the period 1870-74, they show the result given 
in the table on ne^t page. 

Zeal and anxiety, the necessary evils of a state of tension due 
to increasing traffic ; want of punctuality ; late arrivals of the 
public ; and variable weather, become an ahsolute source of 
danger. Every accident is traceable to its cause. Purely 
inexplicable accidents are unknown, Hence^ though consider- 
able improvements in the mode of working have been made — 
as are indicated in the continued progressive increiise shown in 
ratio of killed to journeys made in Table V. — further improve- 
ment are certain. But all improvements bring their own 
evils, and the greatest of these is human fallibility. The body 
will tire, and the brain will get out of gear. Pure wilfulness, 
carelessness, or mischief are extremely rare. Who does not 
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im. 


1871. 


ISIS. 


1 


From eu^efi or TeUides meetiiig witit, or 












kariog tae rails in conseqiience of, ob- 












■tmctioiiB, or from defects m coumciiim 












with the penaaoeitt wa? or works * 


B 


10 


n 


24 


IB 


From boiler expfotioiiii, failux^ of axles, 












wbeebt tvr^f or horn other defects in 












tbe rolUo'g stock 


10 


22 I 


17 


S3 


13 


From tmns entering ftatlofiS at too great 












8|Hfed .,,-.,, 


—• 


g 


7 


5 


— 


From colli dons betweem engines and trains 












folio wing one dDotber on the same line 
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make a mistake? In the year 1874, 4,400,000 letters out of 
967,000,000, or one in 220, found their way to the Returned 
Ijetter OflSce. 8&,540 undelivered letterg contained valaables, 
and bank-notes, bills, &c., tbe value of which alone amounted 
to 565,00OL; 337 of the.^e had no addres-^es ; 61,000 postage 
stamps were found loose in the diflerent post-offices, and 20,000 
letterB were posted without any address at alL 

How then is tho comparative safety of railway travelling 
produced? By taking advantage of the bssous taught by 
experiencej and by appl^-^ing the meann suggested by scientific 
thought and inventive skill to remedy defects. Failure has 
thus led to improvement. Every accident has Ijeeii a lesson 
learnt, and bitterly have those suffered who have not profited 
by such writings on the wall. The particulars evidenced by 
each accident have been carefidly and systematically recorded 
in the reporta of the inspecting officers of the Board of Trade, 
and thus by recording past experience the materials are col- 
lected for cajfefuUy generalizing the laws of railw^^y working and 
for eitablishing a true science of steam locomotion. 

Telegraphy, or the art of conveying information by certain 
preconcerted signals to the mx and to the eye, is the chief aid 
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of the railway engineer. Thus, at every railway station, level 
crossing, or junctioii, signal-posts are erected which convey to 
the approaching eDgine-driver — by exposing discs, bars, or sema- 
phore arms in different positions by day, or lamps displaying 
diiferent coloiu^e by night — the fact that the line is clear for bim 
to proceed or obstructed so that he must stop. The favourite 
signal by day — the 8urvi%^al of the fittest^ — is the arm, which, 
when at right angles, implies danger^ and when at an angle of 
45°, safetf/y and 

White menna rigbt : red means wrang: 
Green meaZLB slowly go along, 

teaches the young railway lad the rule of the road by night. 
The character of every train is indicated by its head lights^ and 
ita presence to an approaching train by its tail lamps. Should 
thick weiither prevent the sight of the signals, detonating fog 
signals announce the contiguity of danger- The marshalling 
of trains in station yards and platforms are produced by wlustles 
and flags by day and lamps by nighty all forming a species of 
t*legTaphic language between the fixed station and the moving 
train. 

Where telegraphy is required to reach distances beyond the 
uphere of the ear or the eye, electricity is employed, and the 
electric telegraph becomes of prime and essential use, not only 
in regulating the traffic on donble and single lines, hut in 
securing safety. Special trains are moved about by its means, 
delays are remedied, break&down rendered harmless, runaway 
engines have been overtaken by its aid, passengers' luggage 
recovered ; but, above all, irregularities are by its means rapidly 
announced, and the evils of uupuDctuality rendered innocuous. 

The greatest element of safety on railways is, however, the 
Block System- 

The block system arose out of the multiplication of traina, 
and the necessity for increased speed. Necessity, the mother of 
invention, brought it into existence* 

By it trains traveUing upon tlie same line of rails are kept 
apart by a certain and invariable interval of spacer instead of 
by an uncertain and variable interval of trme. 

The practice under the *Hime " system is to exhibit the danger 
signal for five minutes, and the caution signal for five minutes 
more^ after a train or engine has been despiitched from or past 
any station, junction, level crossing, or siding. Trains are 
thus said to be kept apart by fixed periods of five minutes, and 
if the caution signals were properly regarded, by an interval of 
time even longer than that. The safety of the train is entirely 
the responsibility of the driver, Immimity from accident is 
dependent upon his keeping a clear look-outt If engines ran 
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at regular and fixed &peed^^ if time-tables couW be adhered^ 
if the line were not crowded with tmffic, if the driver could 
always eustire a good %'iew before hirri, if signals wero neaf 
together and they were properly re^rded, then u ri^id interval 
of time might be maintaiued between followiuj^ trains; but 
none of these elements of safety are constant. Fast express^ 
follow slow goodii trains, now through a thick fog, now up a 
wet incline^ at one moment in bright sun?ihiue, at the next in 
a thick snowstorm ; creeping mineral trains break down in a _ 
long interval between t;vo stations ; passengers rush in at the 
last minute, detain the train, and prevent the time-tables froK 
lx?ing adhered to ; trains are so frequent at some places thaj 
the five minutes' interval cannot be adhered to ; obstruetioua 
to view arise from curves or cuttings, or from atmoftpberia 
causes; long lengths of line are unprotected by any i^ignal at 
all, and signals themselves are too frequently neglected- llencsl 
tlie system is brimfull of elements of danger, and the inexorable 
logic of facts has shown that the " time " interval is illusory 
and the system unsafe* 

But when trains, however rapidly or slowly they may be 
running, however much punctuality has lieen infringed, hoW' 
ever crowded with traffic the line may be, are invariably kepi 
apart by aa interval of one or two miles, collision l>etween them 
becomes impossible. This is the Idvck g^^denu which has, very 
improperly^ been divided into two classes, the absolute and tb 
pennimive. The former is the block iy^tem proper, the latte 
is not a " block *' system at all, but a system introduced, nut U 
secure the safety of trains, but to increaj^ the capacity of ih 
line for the transmission of increasing trafle. It is, doubtlei 
an improvement on the time system, but it bears little affinit; 
to the block, and should certainly not be included in the sam( 
category. 

The block system is effectually carried out by means oi 
electricity. 

The line is divided into sections, each having its own instnt* 
ments for up and down trains respectively. Let i, B, c {fig> I, 
li. CXXXIV,) represent three signal station^?, and the spaci 
between them two sections of the line. Let the upper line 
that for down trains, the lower that for up trains, and the centi 
the block signals. The connection between the latter exist 
only from one signal station to the other. Each line of rails 
has its own instrument, and each instrument its correspondinj 
line, or outdoor, signal. The block signals are for the guid 
ance of the signalman ; the out-door Bignak for the guidanc 
of the engineniriver. 

The electric signals consist of a miniature semaphore sign 
(fig, 2) capable of giving two signals —one, the arm raised to 
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borizontal position, indicating dttnger^ or stop; the otherj the 
arm lowered or depressed, indicatitig all eleai\ go on — for each 
line of rails ; a switeli (fi^, 3) by which the electric semaphore 
is worked, a bell (fi^, 4), and a bell-key (fig, 5), 

The semaphore is the block signal. The object of the bell is 
to indicate by varying numbers of beats the nature of the signal 
sent or alioiit to he sent, Thns we have for the " warning 
signal," '* train coming — look out,'* twice two beats — /• e. two 
beats fallowed by two beats, with a suflBcient pause between to 
indicate it is not meant for four consecutive beats. Two beats 
for the ** departure *' signal, three beats for the "all clear" 
signal, aix beats for the "obstruction" signal, and so on. 

Let \m now take diagram No, I and follow out the signalling 
of an np and down train. Say we have a train al>out to start 
from the terminal station A in the direction of B* It h a down 
train. The warning signal is first sent, and acknowledged by 
B- When the train is ready it is started, and its departure is 
notified. The warning signal was twice two beats sounded on 
B*s bell ; the departure signal two beats only, B now knows 
the train has left, a, and it is his duty to prevent another follow- 
ing till the first has arrived at B, To do this he merely places 
bis electric switch (fig. 3) at on, which raises the electric 
arm for the down line at A to danger. The signalman at a has 
alreiidj, on the departure of the train, at the moment when he 
signalled its departure to B, placed his ont-door signal for the 
down line at danger, and it has to be retained in that positioe 
till the electric arm is again depressed by B, No other train 
can now, without disregarding the signals, leave a for b. At 
thi?* moment the position of the signals is that represented for 
down trains in the diagram (No, 1 ) between these two stations* 
The train is running through the section, and is protected in 
its rear at a. 

B, on receiving the departure signal, has warned c that a 
train is coming by signalling to him the twice two beats upon 
his bell, in the same manner as did A to b. We will now 
aei^ime that the train has reached B« It does its work at the 
station, if it is a station, sets down passengers, takes up others, 
and now it starts towards c, the electric arm for that section 
standing at "all clear," Its departure is announced, and o 
raises the electric arm at b against any following down train. 
The out-door signal for that line has been placed at danger, and 
now that b is perfectly clear of the train he is at liberty to tell 
A he can send on another train. He does so by placing his 
switch-handle (fig, 3) this time to off, which lowers the 
electric arm at B to the '' all clear " position, and rings the bell 
Ibi^e times* The signalman at a then lowers his ont-door 
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mpnal to the same position, and all 
follow, 

Up trains are dealt with in a precisely similar maDner, AVi 
have an up train nmning betwen c and B. At € we observ 
the electric signal for up trains shows danger, and the out-d 
signal the same; the signals in advance are at '^all clear J 
Wben the train has arrived at B, done its work and departed, tb 
Bection bg will be cleared, and cwill be able to send on anotb 
train. 

On single lines, that is lines which have only one set of rails 
on which both up and down trains are worked, additional 
precautions are taken. Before the train starts from any signal 
station the section is blocked against any train approaching in 
an oppotiite direction. It then leaves, and the station in ad- 
vance of it blocks it in the rear. It is thus protected io advance 
and behind, section by section, throughout the line. 

The operation of signalling, althongh somewhat tedious in 
description, occupies but a very little time ; the pressiu*e of a hell- 
key and the touch of the switch-handle are all that is required. 
The instriunents are arranged in the most convenient manner 
over the signalman's frame, so that he can even carry on his 
electric signalling by one hand whilst with the other he operates 
the levers working the out-door gignals, JSo rapidly is all 
this performed that trains frequently follow over bu^y sections 
of line within two and three TDinntes of each other* The 
sections are of courso regulated to the tra65c. Where it is 
dense they are necessarily short, the limit being the distance 
sufficient to enable a train to pull up before reaching the n 
signal station. Thus there are, in places, sections as short 
half-a-mile, whilst in others they are five miles in extent 

But apart from the protection which electricity imparts 
railway travelling, and the facility it oft'ers for adjusting an^ 
regulating the traffic, there are innumerable purposes for which 
the telegraph is employed to facilitate business and to seci 
efficiency* The distribution of correct time, the collection 
spare trucks and coaches, the relief of staff, the supply of ass: 
tance in cases of accident and danger, and — not least — ^tl 
reparation of the eiTors and thoughtlessness of passengers. 

It is used on some lines to estaljlish an effective means 
communication between passenger and guard ; and perhaps on« 
of its most useful applications is to record in the signal box, 
before the signalman's eyes, the position of tlia signal^arm by 
day and the condition of the light by night, which is hidden 
from his sight by the formation of the line, buildings, darknei 
fog, or steam. Electric repeaters are one of the greatest el 
ments of safety in working railways. Fig, 6 represents 
arm and light repeater combined, A battery is placed in th 
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signal bo3t (fig. 7), one 
otlier h connected to the 
carded t^ tlie sijjfnal 



pole of which is 
instrument, from 



ta earth, the 
which a wire 



IS 



posst^ where it is joined to a 
spring. A, in close proximity to the back of the arm to be 
repeated. To the bivck part of the arm itself is fixed a piece 
of metal^ B, and in contact with it a spring, c. VVlien the 
arm h raked fuUj/ to the danger position, the spring a is 
free from the \Ai\tc b, but the slightest depression of the arm 
forms a connection between them, iind so completes tlie electric 
circuit* The arm of the repeater ib maintained at danger by 
p^avity, and is lowered by the electric current. This arrange- 
ment can of course be reversed, /•*?, the repeater arm may be 
raised by the current and lowered by gravity if required, or the 
movemL-nt of the arm in its several stages of danger, caution, 
and clear, can be recortled with the same wire. 

The record of the light requires a separate and independent 
wire and battery* One pole of a battery is carried to the in- 
stniment* the other being put to earth, and a wire is then 
carried from the ^instrument to the insulated stud n (tig. 8) 
of an iron frame, i, fixed within the lamp at the signal post, in 
such a manner that the hollow tube, it, shall stand immediately 
" iver the flame. This tube, ir, ia firmly fixed to the iron frame 
at K, but is free to move at, and in the direction of, g. g f ia 
a small metal lever centred at F* kept by means of a i^pring in 
contact with the adjusting screw, e. To the frame i is attached 
a wire connected with the earth. If, now, a flame be brought 
beneath the tube H, tlie heat from it will cause Ihe metal 
to expand- In expanding, it will move in the direction 
of G, press against that end of the lever o f, and so carry 
its opposite extremity free of t!ie adjusting and contact 
ficrew, K- In other words, it will break the electric circuit 
at E, The recording instrument is provided with an indi- 
eator having on it the words out and j.n, which is so weighted, 
or adjusted, that when not under the influence of au elec- 
tric current, the word IN shall be brought up to the aperture 
in front of the instrument^ making it then read, as in the 
engraving, light in. Thi^s then, is what happens. The 
battery is always in circuit ready for action. So long as 
the light is burning, the tube ii is expanded and breaks down 
the circuit. The moment the light goes out or gets dim, the 
tube again contracts, and the electric circuit being restored, the 
current Hows through the instrument, carrying over the indica- 
tor BO asi Uy exhibit the word out instead of in, and at the same 
e sets in motion a bell which continues to ring until the 
has attention, or until the bell is turned out of circuit by 
of the j^witch (on) in front of the instrument. 
The operation of scientific thought has introduced many 
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mechanical elements of safety into railway woildng, which are 
as ingenious as they are effective. Improved permanent way, 
the interlocking of signals and points; the concentration of 
levers in well-constructed cabins ; effective brake power ; per- 
fect tyre fastenings ; better coupling arrangements, and superior 
engine and rolling stock, have all aided to secure that simpli- 
city of working and safety in travelling which undoubtedly 
exist. 

But, as the principal element of danger in railway travelling 
consists in the fallibility of the human machine, it must not be 
forgotten that we owe our immunity from accident as much to 
the careful selection, education, and supervision of the staff and 
the maintenance of good discipline, as to the appliances of 
scientific skill. Science cannot be devoted to a nobler purpose 
than to the protection of human life, and the records^ of experi- 
ence show that it has earned well-deser^'ed laurels in rendering 
the dangers of railway travelling potential and its safety actual. 
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STUDIES OF MATTER AND LIFE. 
By henry J. SLACK, F.G.S.,' Sec. E.M.S. 



THE discoveries of recent science have greatly affected the 
notions we are able to form concerning the relations of force 
and matter, and likewise of the connection between physical 
agencies and manifestations of life. In studies of this descrip- 
tion we are struck with the amount of force that lies potentially 
in extremely minute quantities of matter ready for vigorous 
action the moment the right stimulus is applied, and by the 
way in whicJi quickness of motion makes up for smaUness 
of weight. The physical inquirer is not obliged to tarry for the 
curious and important investigations of the metaphysician; 
he need not attempt to settle the fundamental questions — what 
is matter ? and what is force ? — in the ultimate constitution of 
either. To the experimentalist, matter is known l)y what it 
does ; and whether the problem before him relate to mechanics, 
chemistry, electricity, light, heat, or gravitation, it is with 
matter in motion and exhibiting force, because in motion, 
that he has to deal. The same may be said of all the physical 
processes and manifestations of life, though we seem no nearer 
than the ancient Greeks were when we try to understand the 
connection lietween motions of particles and the phenomena of 
feeling and thought. 

Light, heat, electricity in its various forms, chemical force 
and nerve force, are not only now classified as *' modes of 
motion," but the motion in each manifestation of these forces 
appears to be wave motion ; and it is probable that gravitation, 
the correlation of which with other forces is not yet estab- 
lished, may at last be foimd to be a wave motion also. In wave 
motion each particle moves, pendulum-wise, backwards and 
forwards in a small curve, transmitting the motion to the par- 
ticles before it in more or less rapid succession, the motion 
becoming weaker as the original impulse is divided amongst 
more and more particles, until at last it is so enfeebled that it 
cannot be observed. The common illustration of throwing a 
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etotie in a still pond and watching how, m tlie oiitward circ 
wavelet s spread, they grow weaker and weaker, and if the tif 
is large enough, at last seem loflt in the calm beyond — ^thisl 
affords a good notion to be^in with of wave forms and wave] 
force; but suppose, instead of a st^ne striking the j^urface ofl 
wateiv a &iidden explosion took place of a particle of dynamitai 
at some depth i:>eiow. Here we should have waves in all di" 
rections, at^cending, descending^ and spreading on every gide.| 
Such waves would bear somewhat the relation to the pond* 
waves that a well-known toy composed of Irnlls within ball 
would do to a mere section of the whole concern, Wave beyond* 
wave in coneecntive series, spreading in all directions from a ^ 
pointy must be conceived as spherical i^heUa one outside tbafl 
other like the coats of an onion, eacli expanding and contract^^H 
ing within narrower liraita, and sending the wave farce and 
the wave form onwax'ds to an indefinite extent. 

The quantities of matter acted upon by tlieae wave force 
may be very i?mall, and yet the power exerted very great 
Thus '* Faraday found the quantity of electricity disengaged h] 
the decomposition of a single grain of water in a voltaic cell to 
be equal to that liberated in 800,000 di Charges of the great 
Leyden battery of the Royal Institution. Thii?, if concentrated 
in a single diischarge, would be equal to a t!ash of lightning. lie 
also Ci?timated the quantity of electricity liberateil by the 
chemical action of a single grain of water on four grains of zii 
to be equal in quantity to that of a powerful tlmuderstorm/ 
Tyndall himself also beautifully illustrates this subject in hi| 
remark ; "■ I have seen snow-flakes descending so softly as ii€ 
to hurt the fragile spangles of which they were composed; yi 
to produce from a(|ueons vapoiu' a quantity which a cliil 
could carry of that tender material, demands an exertion 
energy competent to gatlier up the shattered blocks of tl 
largCfit stone avalanche I have ever seen^ and pitch them tmc 
the height from which they felL"t 

When galvanic electricity h employed to decompose watej 
the constituent element?, osygen and hydrogen, are not mere^ 
alloived to separate^ but they are pulled apart with 
force, and Gassiot showed timt if the water w^ere confined in iroJ 
bottle.^ an inch thick, a gmall battery gave force enough tg^ 
Bplit tliem asiinden The directive force which the particles i ^ 
water obey in the act of freezing, and wfiich leads to its ei 
panslou, has similar power ; and, as is well known, a very smq 
quantity of water will biirift a strong shell or split a great roc 
Although heat sets the molccnleii of all sorts of matter 

• TyndfJl, '* Nofes on Ekctrielty;* p- hX 

t '*Hi?at m a Mode of Molion," 4 lb edit, p. 147, 



efUBIES OF MATTm AKD LIFE, 



151 



motioQj not piirely wa\^e motion, it comes to us in a wave 
motiou from the sua, conveyed like light by a material so 
attenuated as almost to reach the supposed condition of spiritual 
eiigt^nee. This ether of space, wnich we can neither me nor 
feel, approximates to the conception, if such can he formed, of aa 
immaterial substance. It mu^t be so thin, and so light, that 
an inconceivable quantity would l>e required to weigh a pound, 
and yet when in motion the marvellous speed of its oscillations 
enables it to exert gigantic force* It can act so mildly that we 
are utterly unconscious that any substance strikes our eye when 
we see, or have a sensation oi\ violet light, in consequence of 
700 million millions of its minute waves dashing against it in a 
second. But light can also cause chlorine and hydrogen to 
nish t<>gether with enormous force, and it can instantly tear to 
pieces chemical compounds held together by forces equivalent 
to prodigious mechanical powers. 

Professor Josiah Cooke reckons that if this ether (of whose 
existence he ;ls not quite sati?sfied) were as dense as common 
air, it would resist pressure on each square inch of seventeen 
million million pounds, just as air balance one of about 15 lbs* 
witliout suffering compression. He also tells us that if we 
could con tine ether in a cylindtical vessel of sufficient strength 
to bear the pressure, and put upon it '^ a cubic mile of granite 
rock, it would only condense the ether to about the same 
density as that of the atmosphere at the Biurface of the earth," • 

In consequence of its wonderful elasticity, ether can convey 
light waves about a million times quicker than air can convey 
sound waves, and some of the pulsations that reach us from the 
sun, and which lie beyond the violet end of the visible spectrum, 
must make their extremely short wave oscillations much quicker 
than the 700 millions of millions of violet light. Should, con- 
tj-ary to probabilities, the theory that space is filled with ether, 
and that ether has the properties mentioned, be ultimately 
found untenable, the measures of wave lengths and wave veloci- 
tieai must still refer to something positively existing* Light 
eomes to us from tlie sun at the rate of about 190 f millions 
of miles in a second, whatever it is ; and when physicists say 
a wa\'e of red light is about .j^^ of an inch long, and a violet 
one about ^^^ long, no doubter of the existence of ether, like 
Professor Cooke, hesitates to assume that they are quantities of 



♦ "The Xow Cliemiatry;' p* 23. 

t The ejtrtct distftace can uevei' be kaown^ fis Bome r^Jisidual error h un- 
mToidahk. When all the Tmasit of Venus calculatioaa are finiabed and 
eotopaied with the experi mental methods adopted m FariB, the average 
f««iilt will probabljr bo not far from 100 millions. 
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sometbiDg* The prolmliilities are, however, enoimuiiitlj in 
favour of the theory that ascrilxjs certain prupertie^i to ether, and 
that lig^ht aud heat conssist in its untlulatioiis. Ail knowa 
facts coincide ahsolutelj with this theory, and it has beeu the 
ineaos of leading phjgieists and nrntheroaticians to fresk 
discoveries. 

What is this ether^ that it possesses properties so extraordi- 
nary, and thatj to speak in common language, a mere nothing 
of it in point of quantity can be tlie source or the vehicle of 
enormous powers ? Professor Tyndall gaya it must be a material 
gubstance, but perhaps not a form of ordinary matter. If it is 
composed like common matter, its particles or molecules 
do not touch ; and in that case it will be difficidt to avoid the 
belief that there is a still more subtle kind of matter tilling up 
the interspaces. If it be matter not divided into atoms or 
molecules, but continuous, we may expect to find that it will 
exhibit many properties and peculiarities not yet discovered, 
differentiating it tVom matter in ordinary forms. 

Paraday followed Newton in feeling an invincible objection 
to tiic notion that matter could act through empty spaces, and, 
as we find in his life by Dn Bence Jones, he was fond of quoting 
the following passage from a letter of Newton to Bentley ; — 
** That gravity should be innate, inherent, and essential to 
matter, so that one body may act upon another at a distance 
through a vacuum^ and without the mediation of anything 
else, by and through which this action and furco rnay be 
conveyed from one to another is to me eo great an abisurdity, 
that I believe no man who !ias> in philosophical matter*^, a 
competent iTiculty of thinking, can ever fall into it. linivity 
must be caused by an agent acting constantly according to 
certain laws; but whether tfiis agent be material or immaterial, 
I have left to the consideration of my readers/* 

Faraday^s own views on this subject were never very clear 
other people. He recognised " lines of force," and spoke ol 
'* atoms'* as centres of torce, and not as so many little bodies 
surrounded by forces. The force was the atom extending 
indefinitely in all directions- According to these conception%| 
"water is not tw^o particles of oxygen (and hydrogen) side h 
side, but two spheres of power mutually penetrated, the eentr< 
even coiociding*"** In the same place he said, "The force oi 
forces constitute matter ; there is no space between the particks 
distinct from the particles of matter." 

We need not for present purposes pursue these specnlations* 
finther. The wave forces mentioned conunnnicate immense 
velocities to the molecules of matter, and these velocities are, in 
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fact, their powers. A gas — or comraon air, wliich is a mixture 
of gaaea — res^ii^ts pressure aud exerts pressure, because its 
particles are in vigorouii^, rapid, and ceaselesss motian. Sub- 
stances that are tranahicent, or trangcabrescent, are m composed 
that ether waves go through them as water goes through a 
sieve* Bodies that do not allow light or heat to pass in this 
way, have their molecules set in motion by the impulse of 
the ether wavej^, and thus new forms of force are generated- 

Tyndalfs beautiful experiments on the powers of various 
substances to absorb heat and stop its radiation offer most 
iDstructive instances of the power exerted by small qimntities 
of matter- Ta k i n j^ t h e absor pt i on o f one a t mospb ere o f com m on 
air to be unity (1), it was found that this power was augmented 
thirty-fold when tlie same quantity of air was permeated by 
a little vapoiu' of patchouli ; lavender vapour raised it to 60 
times, camomiles to B7, cassia to 109, and aniseed to 372. 
Upon these result-s Tyndall remarks " that the number of atoms 
in the tube (experimented with) must be regarded as almost 
infinite in comparison with those of the odours. , , , it would 
be idle to speculate on the quantities of matter implicated in 
these results. Probably they would have to be iTmltiplied by 
millions to bring them up to the pressure of ordinary air. 
Thus— 

The sweet South 

Tbiit brettihes uptrn ii bank of violets, 

Stealing aad giving odour^ 

owes its sweetncsts to an agent which, though almost infinitely 
attenuated^ may bt^ more potent as an intercepter of terrestrial 
radiation tlian the entire atmospliere from bank to sky."* 

Wherever we find power exhibited, matter is in motion, and 
if the quantity of matter is infinitely small, and yet the power 
great, it is becatise tlie motion is infinitely quick. The waves 
of chemical force streaming from the sun are very short, and 
the quantity of matter acting in each oscillation, and tapping 
at the molecules ou which it acts is iaconceivably minute, but 
the taps are as inconceivably numerous and rapid, They are 
also rhythmical, and we know liow the stone walls of a large 
building may be set in vibrating motion when an organ tone 
of the right pitch irapek air waves to go on tap, tap, tapping 
till the whole fabric sliakes* 

We learn jVom these and eimilar facts that the wave forces 
can give great powers to intinitesiraally small portions of matter, 
and that, as we are not able to place any limic that we can 
comprehend to the possible velocities of atoms and molecules, 

• Tjndflll, *' Ilent na u Mode of Motion." 



154 



roriJLAH SCIENCE MEVIETT. 



SO we iire not alile to assign uny limit to the minuteness 
would be ID compatible with the oxerciBe of effective ioTC^* 

Becqiiercl has shown that when a membrane is moit^teBed 
on each side by a different liquids an electric wave force is 
set up, able t^i effect chemjcal decomposition, TlniB tlia 
minutest part of the miiiutest gland, or of the smallest organism 
that is capable of assimilating external matter, is enabled to 
change the chemical condition, and pull a&under molecules or i 
atoms that would resbt the mechanical force of a steam -engine J 
or a hydraulic pretss, 

Unfortunateljj we have no chance of seeinfj the ultimat 
atoms or molecules of matter* Chemists u^e the term mole-! 
cule to denote the smalle&t quantity of any substance capable of 1 
existing alone ; but the definition is not quite satisfactory, j 
because they have reagon to believe there are many compoimdj 
molecules that only exist in parts of more complicated comhina^l 
tions. Could we, by help of any apparatiiSj see ultimat© 
molecules, the sight would be an astt^miding one ; for aill 
e.^tremely minute portion of any substance^ liowever Bolidl 
and quiet it might appear to ordinary vision, would be 
exhibited to us as composed of intinitelj more particles than 
all the stars we can perceive in u, clear sky, and all in motions 
as harmonious as those of the celestial bodies- Wlien either 
compositions or decompositions are going on we should BBe 
hosts, by the myriad, rushing bjgcther, or sprini^^ing apart, 
the case might be^ Eternal motion is the condition of life,' 
whether of the smallest unit or of the entire universe. Nature, 
as Humboldt said, is ever arranging herself in new forms g and i 
absolute stillness would he cessation of being. 

The limits of viaihility was one of the topics brought before 
the Royal ^lioroscopical Society in February by the President,! 
jVlr. 11, C. Sorby, in a remarkably able, and admirable. Annual 
Address-* Omitting the estimation of unavoidable errors in 
the construction of microscopical apparatus, and referring to 
researches by Pigott, Helmlioltz, and Woodward, it seems that 
it is possible to distinguish the most favourable object-s — 
alternate dark and bright lines such as inWobert's teab-plates— 
when they are as near each other as to be only ^^^^^^ of an inch 
apart, provided that several circumstances, which need not now 
be ejcplained, are favourable. Minute spherulea of about" 

sooM ^'^ Itio!ooo ^f ^^ ^^^^ ^^J ^^^^^ ^^ ^^^ ^^ their refractive 
power differs sufficiently from the fluid* or other mediimi 
which they are immersed. It may, however^ be affirmed thati 
few objects less than ^^ of an inch in diameter can be seen : 
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• See " MoBtbly Microacopieal Joumftl," far Mareh 187tS. 
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hmd of that &i^e those only that are favourably placed, Mr, 
^rbj proceeded to inquire what sort of relation this power 
of microscopically assisted vision bears to the probable gize of 
molecules of matter. He cited the resuUs obtained by Stoney, 
Thompson, and Clerk-Marwell, in attempts to calculate from 
diffeient data the number of ultimate atomsj in a given volume 
of any permanent and perfect gas at 0* C* and a pressure 
of one atmosphere, Thompson aadgns as the greatest 
possible limit 98,320,000,000,000 in one-thousandth of 
ao inch cube, which is j-^^^^, of one cubic inch, Clerk- 
Maxwell, estimating the true number indicated by the pheno- 
meoa of the interdiffusion of gases, made it 3115000,000; 
aiid Stoney, from his point of view, 1,^01*000,000,000. The 
mean of the.sc numbers is 50,260,000,000,000, In a letter 
received by the writer from IMr- Sorby, since the publication of 
his address in the " Monthly Microscopical Join-nal " fur March, 
he assigns double weight to Clerk-Ma^woirs calculations, for 
reasons that we need not stop to explain, and considers the 
number of atoms in a cubic j^^ of an inch of gas to be about 
6,000,000,000,000, and that in the same space of liquid water 
the number of water atoms would be 3,700^000,000,000,000. 

\N"ater is essential to organic life : if an organism is 
thoroughly deprived of it, death ensues, though some creatures 
may be dried so as not to exhibit the least appearance of 
moisture, then pass into a dormant state, and become active 
again when more water and an appropriate tcmperatLure are 
supplied. The common rotifer and the A ti^uiUula tniloi have 
this property, and it i^ exhibited to some extent by that ciurious 
vertebrate, the lilud Fish, which survives an amount of 
drying that would be fatal to most animals as highly organised, 
thoujjfh the baked mud in which it passes the hot dry seasom 
appears to prevent the desiccation from being carried too far for 
continuance of quiescent life. 

If we say water is so valuable to organic creatures on account 
of its dissolving so many substances they need to be BUppUed 
with in a fluid state, we may be asked why water has inch 
[lower, and it seems probable that they depend upon tlie im- 
mense number of its molecules, ai well as upon their mode 
of aggregation. Each atom or molecule in motion tends 
t4J set adjacent atoms or molecules in similar motion ; and a 
'jrf ut number of small impul^s, rhythmicany repeated, easily 
Mjt considerable magses of such bodies in fresh motions, dilTer- 
ing more or less from those which belong to their own constitu- 
tion, A child with a little hammer, tapping at a great log of 
wood* will in time set all the particles vibrating, and though 
each particle may move only through a small fractioa of an 
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ineli, wben the wbok \o^ vibrates, tbe total fiuatitity of motion 
is eijoriouug| because th^ small motion of each particle is 
multiplied by millions and millions^that i% by all tbe particles 
the log coutaiua. 

Among the complex substances which chemists are acquainted 
with, no one could be named more important to organic life 
than albumen, wbidi we all know in tbe condition ot wliite of 
egg ; antl its remarkable powers of utility in the growth and 
development of plants and animals depends upon its extremely 
complicated structure. It contains a multitude of atoms of 
carbon, liydrogen, nitrogen, oxygen, and sulphur. It is usuaUj 
found slightly alkaline; and some chemistry, like Gerbardtj con- 
Bider white of egg as a definite compound of an albumen acid 
with scidic hydrate, and believe other sorts of albumen have an 
analagous composition. Omitting, boweverj the alkali, Mr* 
Sorby takes as a probable composition of albumen iV^, ^u^f] 
Nn, SO,, ; the letters representing tlie substance above 
named, and tbe figures the number of atoms which tliey 
contribute to tbe structure. With this view of albumen he 
finds that in a cubic , j^th of inch of bom there are about 
7 1 ,000,000,000,000 molecules of albumen. A mulecide of this 
substancej thougli much larger than one of water, is far ve- 
moved by its minuteness from any possibility of human vision ; 
and as ]Mr. Sorby explains in his paper, liglit is too coarse a 
medium to enable them to be seen, even if we could adi 
sufficiently to the powers of our microscopes. 

When so many atoms of various substances are built up- 
together to form a new substance^ there is reason to believe tlial 
they are arranged in groups, each group having a definite con 
stitution, and being a distinct entity, at the same time that it 
has an appointed place and a definite relation to the wiiole. 
Each group may be regarded as a system in which tbe atoms 
composing it are in ceaseless motion, exerting force upon their 
neighbours, and keeping witbiu certain bounds, just as the 
planets do that circle round the sun. Each group acts as a 
whole upon other groups, and thus there are motioos of groups 
as well as motions of atoms, subject to the same conditions of 
keeping within bounds, 

Now^ it is evident that tbe wave forces of which we have 
spoken have great opportunities of effecting clianges in such 
complex structures. One form or mode of wave motion may 
strike with its myriad pulsations at a group of atoms, another 
may strike at certain atoms in the group, and by such meanSi 
some atoms or gi^oups may be thrown out of their courses, antlj 
then the rest may form a new pattern, or, if suitable atoma of 
another sort are at band^ may take them in to what maybft 

lied their social system, and modify it accordingly* jH| 
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The plienoTneTin of the noiirishmt'tttaTirl growth of plants and 
aDimals clepeutl upon actions of this sort hi ought about hy the 
wave motions of beat, light, electricity^ and so forth. Repro* 
duction 19, m Claude Bernard explains, intimately connected 
with nutrition. A particle capahle of germination or ^owth 
receives an impulse from a particle of an opposite sex, tliat is, 
of one in a diflFerent molecular condition, and development ig 
stimulated and caused to take place si> as to repeat with minor 
variations the parent forms* The well-known facts of inheri- 
tnnce show that, although the female germ and the stimulating 
male element — the ovule and pollen grain of a plant, for ex- 
ample—are very minute, they are hig^ enough to contain, in some 
form, or way, forces which cause all fresh matter that is assimi- 
lated to arrange itself so as to reproduce a series of parts repeating 
for generations with marvellous fidelity the parental types. 

The same thing is noticed with animals in which the same 
species or the same race is reproduced from one generation to 
another witli remarkahle acctiracy, extending to minute and 
often unexpected detail. For information on this subject the 
reader must be referred to the works of Darwin and other 
writers. What we have now to consider is whether the germ 
particles and sperm particles can possibly be conceived to con- 
tain enough molecules built up in definite patterns, so that, as 
Darwin in his theory of Pangenesis supposes, they can supply 
parents enough to enable us to regard each portion of a complex 
organism^ plant or animal, as composed of their lineal descend- 
ants. "If»" says Darwin, "one of the simplest Protozoa be 
formed, as appears under the microscope^ of a small mass of 
homogeneous gelatinous matter, a minute atom thrown off from 
any part, and nourished under favourable circumstances, would 
naturally reproduce the whole ; but if the upper and lower 
stir faces were to differ in texture from the central portion, then 
all three parts would have to throw off atoms, or gem mules, 
which, when aggregated by mutual affinity, would form either 
buda or the sejtual elements. Precisely the same view may be 
extended to one of the higher animals, although in this case 
many thousands of gemmules must he thrown off from the 
various parts of the body,*' * 

To compose a plant under this theory, the seed must contain 
gemmules which attract suitable matter to form root-fibres ; 
otber gemmules that in like way cause cells to grow and ag- 
gregate to make a fibrous stem, others to supply the sap, others 
to cause the growth and development of the leaves, flowers, and 
finally to supply the ovule and the pollen with a complete set of 
gemmules to carry on the process from one generation to 

^ * '' Animdif md Plants under Dompsticatba/' rol. ti, chnp. xxTii 
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another ; and bm certain peculiarities of distant ancestors some- 
times suddenly appear in their descendants, the aneestral 
gemmules must be sufficient in number to last for many 
generatioDs, or they must act as parent cells and produce other 
cells* 

Mr. Sorby applied himself to this problem, and sought to find 
what quantity of molecules existed in the quantities of matter 
that actB as germs and gperms* Supposing each gemmnle con-^ 
tained a million moleeulea of the albuiuinotiB eompoimd that ifl 
the physical basis of life, Mr. Sorby finrls that *' one thousano 
such gemmules massed together would form a sphere just di« 
tinctly visible with onr higbcat and best magnifying powera,*! 
" If^" he adds, ** the gemmules were of much greater or mueb lesal 
magnitude, it appears to me very probable that Darwin's theoryj 
would break down from two opposite ciiusePj or would need ver 
considerable modification, because, if much greater, their numl 
would be too few to transmit sufficiently varied characters, and 
if much less, they would scarcely contain enough of the ultimatd 
atoms of matter to have a sufficiently varied individual charactei_ 
to transmit, since, of the assumed million ultimate molecules, 
only eighteen thousand would be of a true protoplaBmic nature, the 
rest being water in molecular combination/' Taking the g~ 
of an inch as the meaii diameter of a single mammalian ^per ~ 
matozoou, Mr. Sorby culcdlates it might contain 2^ millions 
such gemmules, and, *' if on© of them were lost, destroyed, 
or frdly developed at the rate of one io each second, thi^_ 
number woidd be exhausted in about one month i but since i^M 
number of spermatozoa appears to be necessary to produce 
perfect fertilization, it is quite easy to xmderstand that the 
number of gemmules introduced into the ovnm may be so great 
that the influence of the male parent may be very marked, 
even after having been, as regards particular characters, 
apparently dormant for many years/' 

Again, taking the germinal vesicle of the mammalian ovum as 
of an inch in diameter, " it might contain 500 millions of 
gemmuleSj" and *^ if these were lost or fuUy developed at the 
rate of one in each second, this number would not be exhausted 
until after a period of seventeen years/* If the whole ovum^ 
about ^ in diameter, were all gemmules, the nmnber would 
sufficient to last, at this rate of one per second, for 5,600 years] 
This is, however, not probable ; but Mr. Sorhy's remarks ha^ 
completely removed all doubts as io its physical possibility froi 
the Darwinian thetiiy, and they prompt us to a wonderful con- 
c(*ption of the powers residing in minute quantities of matter, 
Th«» student of nature stands surrounded on all sides by 
He can imagine no bounds to space or time ; 
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Ixaoes of a bepjinning, discover no symptoms of an end. There 
i&an eternal flow and motion throughout the universe, a cease- 
le^ change from power in the potential to power in the active 
form, and baek again from the active to the potential — nothing 
added, nothiDg stationary, and nothing lost. Such is the aspect 
of the physical world, hut what of the world of thought and 
will ? Here we pause hefore a door of diflSeidty, and have no 
key to open. Let Du Bois-Reymond point it out :— 

'' Suppose we had arrived at an ajtronomieal knowledge of 
the human brain ^ or even of an analogous organ in an inferior 
creature whose intellectual activity wa3 limited to the sensa- 
tions of well-heiog and discomfort* So far as regards the 
material phenomena of the brain our comprehension would be 
perfect, and our intellectual need to seek for causes would be 
satisfied in the same degree as it wotdd be in regard to con- 
traction and secretion, if we possessed astronomical knowledge 
of a muscle and a gland* The involuntary acts which emanate 
from nervous centres, without being necessarily connected with 
sensations, such as reflex and associated movements, respiration, 
tonicity^ and lastly, the nutrition of the brain and spinal mar- 
row, would he entirely known to us. It would be the same with 
the material changes that always coincide with intellectual 
phenomena, and which probably are conditions indispen- 
sable to them. And surely it would be a great triumph of 
science if we could affirm that such intellectual pheno- 
menon was accompanied with certain movements of atoms 
in certain ganglionic cells and certain nerve tubes, What 
could be more interesting than to direct onr intcllectiial 
vision inwards, and see the cerebral mechanism in motion 
corresponding with an operation of arithmetic, as we can watch 
that of a calculating machine ; or to perceive what rhythmical 
movement of the atoms of carbon, hydrogen, nitrogen, oxygen, 
phosphoms, &c., corresponds with the pleasure we feel from 
musical harmony; what eddying currents of the like atoms 
attend tlie acme of delight, and what molecular tempests accom- 
pany the horrible suflering that ensues from irritation of the 
trigerminal nerve . . . ; but as regards the mental phenomena 
themselves, it is easy to see that, after acquiring an astronomical 
knowledge of the brain, they would remain just as incompre- 
hensible as they are now. In spite of such knowledge, we 
should be arrested by those phenomena as things that are in- 
conimensurable. The most intimate knowledge of the brain to 
which we can aspire would only reveal to us matter in move- 
ment; but no arrangement, and no movement of material par- 
ticles, can form a bridge to conduct us into the domain of 
intelligence* JMotion can produce nothing but motion, or enter 
inta the condition of potential energy. Potential energy in its 
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turn can produce nothing besides motion, the maintenance of 
an equilibrium, the exertion of pressure on traction. The total 
quantity of energy remains always the same. In the material 
world nothing can go beyond this law, and nothing can do less 
than it requires. The mechanical effect is precisely equal to 
the mechanical cause that exhausts itself in producing it. Thus 
the intellectual phenomena which flow from the brain beside of, 
but in addition to, the material changes that occur in it, are, 
to our intelligence, wanting in a sufficient reason. These phe- 
nomena remain outside the physical law of causality, and that 
is suflficient to render them incomprehensible." * 

• Du Bois-Rejmond, « Revue Scientifique," Oct 10, 1874, p. 342. 
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TWO COFFEE DISEASES, 

By M. C, COOKE, M.A. 
[PL\TE CXXXYO 



THE cultivation of Coffee imtler no circumstances is such a 
profitable investment as to offer great inducemcDts for 
speculation ; but, imfortuoatcly, during the past six or Eeven 
years, no less than three resolute and determined enenaies to the 
coffee crop have successively made their appearance, and spread 
dismay amongst the coffee planters. One of these, the (Jofllee 
Borer, though by no means of the least importance, it is not our 
present intention to molest. The other two, being obscure 
members of the vegetable kiogdom, alone come within the 
province of the botanist to describe- 

Until mtbin a few weeks it was not known in Europe, at 
least as far as we can learn, that more than one fungoid pest 
was making havoc amongst the coffee plantations in the East* 
liecently communications from planters in Mysore were sent to 
the Govemment of India, and these leports, together with 
specimens of infected leaves, have been transmitted to the India 
Office in London, undergone invest ig*ition, and resulted in a 
Heport, which establishes, without doubt, the existence of a 
second fungal disease, whicb^ in India at least, seems to be 
more destructive than the one previously known. 

The "coffee-leaf disease," as it is usually termed, in distinction 
from the '• coffee rot," is caused by a parasitic fungus. Of tins 
there is not the slightest reason to doubt, although some have 
held to the opinion that it is the result, and not the cause, of 
the dieease- There being still a few who hold similar views 
respecting the jjotato disease, it is by no means surprising that 
the same theory should be applied to the coffee plant. Its 
&!8fc appearance in the island of Ceylon was in the year 1869; 
and mcemt Reports from the planters in Mysore date its first 
appearance in Continental India in the same or f^jllowing year* 
When suffering from this disease the leaves are marked by 
brownish somewhat rounded spots (PL CXXXV, fig, fi), the under 
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surfece of which is covered with minute orange diisfc, conaii 
of the epores of the fungus. Tbeee spores only appear on ih 
under surface of the leafy but tb© spots are observable also on 
the upper surface. The fungus is truly an endophyte living, 
within the tissues of the plant, and eKpanding outwards. To" 
its presence Dr, Thwaites attributes stains which are producei 
on the l>ark of the young branches, and the pale tmo&lueent 
spots which are to be seen on the leaves previoujs to the ou 
break of the orange-coloured spores* 

From the delicate mycelioid filaments which constitute the 
root^like portion of this parasitic fungus, threads arise in 
bundlea which hurst through the cuticle and produce at the tips 
of the threads the orange-<;oloured spores. Eacli of these spor^ 
has a somewhat irregular form, ovate, pear-shaped, or more o; 
less of a kidney Bhape, covered externally when mature with 
minute globose warts, principally on the convex side, the shorteF 
gide being usuaUy smooth (PL CXXXV. fig, ^). When fre.sh the 
are of a bright yellow or orange colour^ but this speedily di 
appears in drying. The longest diameter of the spore is froi 
•035 to *04 of a raillemetre, and tJiat of the warts about '00 
'004 of a millemetre* We have observed these warts t^o leav 
the smfaee of the spores, and float in the medium in which th 
spores were examined as minute free globose bodies ( PL CXXX V» 
fig, hy This was not noticed by Messrs. Berkeley and Broome 
in their examination of spores from Ceylon. Probalily it may 
be dependent on tl^e degree of maturity nt which they had 
arrived* In the early stage the spores are smootli, and may be 
seen attached to the apices of the simple or branched threads 
on which they are produced {PL CXXXV, fig. /)» When mature, 
the attachment is so slight that the least touch is sufficient 
disengage them, and they appear to lie in little clusters on tli 
discoloiured spots, ready to be dispersed by the slightest mov 
ment of the leaves* 

The fungus thus described was first determined and named by 
Messrs, Berkeley and Broome in the ^* Gardeners Chronicle*" • 
shortly after its first appearance in Ceylon, under the name ol 
Hmnileia vastatri^, and was regtirded as a very interestin, 
addition to science, from its forming a link between mould; 
and rusts. 

The mode of germination has not been observed in thii 
country. It is scarcely probable that vitality in the spores will 
extend beyond the loss of the yellow colouring of the endochrome. 
In Ceylouj however, Dr, Thwaites reports that it is not difficult 
to induce germination. Mature spores removed from a diseased 
leaf and laid upon charcoal kept continually moist, he 
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ammetice to genniDate in a few days. " This process consists in 
the spore becomiD^ somewhat ea!ar|2^ed, and its contents con- 
verted int^ one or more globose transUicent masses. From each 
of these a filamoat is developed, which grows very rapidly^ and 
beeomas more or less branched- At the termination of some of 
these branches secondary spores are produced in the form of 
radiating necklace-shapetl strings of little spherical bodies of 
uniform size, and this form closely rcaerables the fructification 
of an A^perf/tUuB,'' Another observer in Ceylon (Mr. Ablmy) 
has seen another form of secondary f^pores arranged in single 
rows of spherical bodies, a good deal larger than those radiately 
arrangedj but still exceedingly minute. These inconceivably 
numerous secondary spores may be easily carried by the 
mnd into surrounding districts, and thus convey infection 
to distant plantations. In what precise manner infection 
is accomplished is still unknown. The minute secondary spores 
may be absorbed by the rootlets, or they may enter by the 
Btomata, or they may even germinate on the gnrface and in- 
sinuate their growing points through the natural orifices of the 
leaves. Neither is it yet known whether the succef^sive attacks 
to which a plant is subject are all the result of one inoculation, 
or whether a fresh infection precedes each outburst of the 



In some features there is a similarity between this fungus and 
the red nist of cereals- Both of them burst through the cuticle 
and appear on the surface as an orange-coloured dust ; in both 
the spores are at first prociuced on pedicels : but beyond this 
there is great divergence, especially in the mode of production 
of the secondary spores, of which there is no similar instance 
imongst the tfjrdincB, The germination of a large number of 
flpeeies amongst the Uredine^ has been observed, but hitherto 
in no inHtance have minute secondary ?pores, growing in chain f, 
been recognised* There is doubtless another feature in which 
tbe coffee rust resemblea the wheat rust : it is not likely to yield 
to the application of sidphur, as the ivhite moulds usually do. 
Sometime since tbe application of a diluted Condy's fluid was 
recommended as an eflacient check for the Hollyhock disease, 
and it is not improbable that what would succeed with the Puc- 
einui wotdd be beneficial in the case of the Hemileia ; but 
hitlierto it has been aflSrmed that nothing has proved effectual 
in checking tbe ravages of the coffee disease in Ceylon. Many 
of the coffee planters in Mysore declare that this disease in their 
plantations has not sensibly affected the quality or quantity of 
the crops ; in others tbe contrary is affirmed. 

The second, and more recently known, coffee disease has not 
at present been recognifled in Ceylon^ although Indian planters 
declare that it certainly has been present on coffee estates inj 
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Mysore almost as long as the ^* coffee-leaf disease " Mr* G, 
Porter sap that " it is Yery prevnlent in the Multiad portions 
{and more especially in the Kadur district) of the MysoflH 
country. It is known as tlie ' kole roga,' or * Mack rot/ alfl 
not only does it attack coffee, but it does great hnvoc in the betel- 
nut gardens. He was told by the natives that they had liardly 
ever known a wet season without it, some years worse than 
others. It is this disease that coffee suffers far more from than 
from that of the Heinileia vaetatrhu It makes its appearance 
about July, when the leaves of the trees affected by it get 
covered with a ^limy gelatinous matter, and turning black drop 
off J the berries likewise rot and fall in clusters. He estimate 
that the planters lose nearly one qnarler of their crop each 
year by this plague* Gangs were sent round last monsoon to 
collect the diseased leaves, which were carried off the estate and 
burnt; and although this did Bome good, it was not the means of 
abating it to any extent.** 

The leaves affected with this " rot " are spotted on the under 
surface with large greyish-white irregular patches, sometimes 
occupying uearly the whole surface, sometimes in spots limited 
by the larger veins (PL CXXXV< fig. a). These patehes arc 
quite smooth to the naked eye, with all the appearance of a 
superficial incrustation. When moistened, the entire spot can 
bo removed with the point of a lancet, by stripping it in a 
delicate hyaline film, somewhat like a film of gold-beater's skin, 
showing no attachment to the leaf, unlrs8 of a very slender and 
superficial nature ; indeed^ the film may be rolled up imdor the 
thumb and finger. Under the microscope this film is found to con- 
sist of a closely interwoven web of hyaline septate filaments, ofteu 
branched, and crossing in all directions (PL CXXXV. tig. &). 
They arc usutUly from *005 to *0075 of a millemcVtre in diameter* 
On the upper siu*face these threads are studded at irregular in- 
tervals with small globose echinulate spores, which are seated 
upon the threads, without any visible pedicel, although wlien 
first formed there appears to be a short stem, which is ultimately 
absorbed (PI. CXXXV, fig. c). These spores are about equal 
in diameter to the diameter of the threads. The threads and 
spores seem to be agglutinated together into a film by some 
gelatinous medium, so that not a spore or thread can be removed 
from the mass without difficulty. lu this feature the ** rot ■' 
differs from nearly all the MucedmeSj in whicii the spores are 
so slightly attached that they float away on the application of 
moisture, whilst in the present instance no application of fluid 
avails to disturb a j^ingle spore. 

^Ju order to e,^amine the fungus in as complete a manner as 
^Hlble, a portion of the leaf is immersed for twelve honrst in 
^^^kbut this does not dissolve the mucus so as to fred tiro 
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spores. Whether examined in wat^r, spirit, or glycerine^ the 

» results are the srinie ; hut in nitric acid the threads are at first 
teore distinct 3 hut ^n-adQally become absorbed into an indistinct 
mass. When the film is stained with aniline or roseine, the 
threads and spores are brightly coloured by the medium, so that 
tlie details may be better observ^ed. There is, however, still 
considerable difficnlty in penetrating the film with a high power, 
and the threads will not separate. 

From an examination of this fungus, with a view to the deter- 
mination of its scientific relationship, we have come to the conclu- 
sion that it has e every close affinities, that it ianot only specifically 
new, but will have to be accepted as the type of a new genus** 
Whether it is in itself an autonomous species, or a condition of 
eome other and higher form, cannot be determined from present 
information ; at any rate, it is so far complete as to poi^sess u 
vegetative and reproductive system. The globose echinulate 
bodies have all the characteristics of spores, but more than this? 
cannot be affirmed imtil some one is fortunate enoujjjh to observe 
their germination, or all endeavours to do so should fiiil- 

The principal scientific question which presents itself in rela- 
tion to this fungus is its relationship and affinity. Two or three 
suggestions have already been offered on the subject ; although 
made without any microscopical examication of the plant itself, 

Ptliey are worthy of a passing notice. One suggestion is that 
the supposed fimgus may be an imperfect condition of some 
lichen. It may be true that low forms, or imperfect states, of 
lichens are sometimes found on the living leaves of growing 
planU, yet the structure is hardly such as those lichenoid bodies 
assume. Considerable emphasis is sometimes placed on the 
prpsenee of gonidia in the lichen thallus as distinguishing it 
from fungi. There is no manifestation of such bodies in the 
present instance, and it would be more satisfactory for such an 
objection if a similar authentic instance could be adduced of a 
I destructive leaf-parasite which is an undoubted lichen. Another 
^■pnggestion has been offered that it may be a low form of Hy- 
^menomycetous fungi. If so, it should at least give some indi- 
cation of its relationship* As spores are tmdoubtedly present, 
tiiere should also he basidia, bearing these spores in pairs or 
qnatemate ; at least, there should be some evidence of an ap- 
proach to such low hymenomycetal forms as Ejiohttsidium or 
Ilj/ttieiiula, Probably it was some such organism as Exohasi- 
dAujfi whicli was thought of when this suggestion was made, 
but, certainly, we can observe no relationship whatever between 
them. 

'^ rdlimditria Kt^hrmja''— Cooke in GreviUeo, iv. p* 110, **Oa tho 
lilicj* nf rellmtUirtu*^ in Grerillea, iv. p. 134. " Report on Diacased 
^esof Coflet* aad other Plflnlei" 
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rpupeTj that the "" black loV 




Apropos of the 
the ioediitm of a L 

appears to be the wiyceliurth of some fimgui, it will be mxffici^Bi 
to remark that the term "mycelium" is^ by generf^ conaeiit, 
confined to productions which consist of barren ibreads. Tha 
presence of spores, in this instance, clearly removes the pro-r 
duGtion beyond the limits of the term *' mycelium,*' Unlesa 
tenns are employed with their recognized meaning and limita- 
tions, some exphinalion should accompany their use to prevent 
misconception,. 

The conclusion at which we have arrived appears to us tha 
most tenable one, that the fungus in question belongs to the 
HyphomifcsttH^ or moulds. In habit and external appearand 
it strongly reminds one of the white mould which precadi 
many species of Erymphe^ such as the one so common on 
in the antmnn, or that which precedes Uneinula on the leaves 
of the maple. Even under the microscope there seems to \m 
some kind of relationship ; the interwoven, septate, colourlesaj 
branched threads are present, but there is an addition of m 
somewhat gelatinoug medium, which binds the threads together 
into a pellicle. The spores and their mode of production ara^ 
different, and tliis^ in the H^korfiycetes^ is a most important * 
distinction. In Oidiura the spores are produced in chains, in tb 
present species singly. It is very true that tlie structure, as seen 
in a drawing, resembles closely that of some species of Z^/g^ 
desmus^ but there is a peculiarity in the threads of many of th 
'species in that genus that the threads are cut^as it were, nearly 
through at short distances, or abruptly bent, of which thei*e ia 
not the slightest indication here. The spores are very similar 
in size and form, but there are two or three features which 
appeal' to iLs conclusive for lejecting the coffee rot from 
this genus. In all the species of ZygtxlmnwB the threadu are 
free from any investing medium, the spores are pulvenileni 
and, moreover, t\w threads are more or less coloured. Furth« 
than this, all the species occur on dead wood or leaves, and i 
no instance is a species parasitic on living leaves. AUhougl 
too much reliance is not to be placed on this fa^^t, it is nevei 
theless noteworthy that in genera in which the species are para- 
gitic on living plants tliere is seldom an exception to this rule, 
and so in genera which contain species found on dead sub^ 
stances parasitic species are not fouod* In illustration of tha 
former we may cite PerotWifpora^ IiiimuUiriiiy and Erysiphel 
and of tbe latter Dadyliuvi^ Sptftutrichum^ and Zyfjod^masA 

The presence of the gelatinous element which binds Logetheij 
the threads and spfires into a thin pellicle, whifh is eamld 
separable from the matrix when moist, is un important featurd 
in determining tlie affinities of the "coffee rot/' In the genufl 



re 

I 



TWO CM>FFBlt DISEASES, 



167 



AmphiHistrum of Corda there is said to be such a gelatinous 
iQddiiim. In many species of FiisUporium there is something 
of the same kind ; in Alyiosporvwm as congtittited by link, 
and in some other genera allied to Spovotvichum^ Still, from 
all these thexe are such manifest points of divergence that no 
one would venture to associate the present species with any of 
them. Hence no other coiirge appeared to be open to lis but 
to constitute PellwulaHa Kolsmga the type of a new genus, 
allied to those just alluded to, but diatinguiehed therefrom by 
its par£^itic habit, sessile, echioulate, globose spores, and the 
freedom with which it separates from the matrix. Whether 
or not mycologists will accept this as a sufficient distinction, 
the present course has not been adopted without much con- 
^deration- 

The fact of an epiphytal fungus, which does not penetrate 
the tissues of the leaf, being so destructive to the foster plant, 
may at first seem strange, until it is remembered that in 
plants with coriaceous leaves all, or nearly all, the stomata are 
confined to the under surface of the leaf. If, therefore, a filmj 
substance liko the present fimgus overspreads the under surface 
of the leaf, and securely seals up all the stomata, it is but 
reasonable to expect, not only that the leaves should fall, but 
that the plants should suffer injury. In such diseases as that 
which affects the hop, and which is but too well known to hop- 
growers in this country, the chief destructive action lies in the 
closing up of the orifices of the leaf by the woolly coating of 
mycelium produced by the fungus ^ 

From the simikrity of habit and erowth in the coffee rot to 
that of the hop mould, and, we may also add, of the vine 
mildew, it is extremely probable that the remedies which have 
been applied in the latter instances with success would be more 
or less advantageous in the former. It ia now generally ad- 
mitted that the application of the flowers of sidphur, by dusting 
over the leaves, is the most effectual remedy yet discovered for 
hop mould and \ine mildew. It should certainly have a fair 

K' also in the case of the *' coffee rot,'^ and the presumption 
rongly in its favour, 
ft have stated sufficient to show that the coffee plant in 
ore and in Ceylon is exposed to considerable danger from 
two persistent enemies above described* Some plants of 
Libarian variety were sent out some time since in the hope 
its apparently stronger constitution would prove im- 
inable to the HGrailsia* At first they progressed fevourably, 
I but subsequent information dispelled the hope, for the coffee 
^Llsease had attacked them also. Unless some remedy is dis- 
-eoTered there is reason to fear that even if the cultivation of 
eoffee m continued in these places it will be unremunerative, or. 
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the costs and risks of the venture being so much increased, a 
corresponding increase in price will be a natural result. We 
have the experience of the vine and potato diseases, and more 
recently of the hollyhock disease, to warn us how surely and 
speedily the area of infection is extended, and though for the 
present some coflFee-producing countries are free, one or other 
of the pests may at any time make its appearance where it ha& 
never been known before. 



DESCRIPTION OF PLATE CXXXV. 

a. Portion of leaf affected with '^ black rot'' 

b. Fragment of pellicle formed by the fungus FeJUcttlaria koleroga x 50O 

diam., showing threads and spores. 
c Small portion of thread further magnified, with young and mature 

spore. 
d Portion of leaf affected with Hetmkia vastatrix, 
e. Tufts of spores as they appear clustered on the spots, slightly mag* 

nified. 
/. Young threads and spores x 500 diam. 
g. Mature spores of HemUeia vastatrix x 600 diam. 
h* Globose bodies, or warts, from the surface of mature spores of 

HeniUeia x 500 diam. 
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By mE Ebv. W, S. SYMONDis, F.G.8. 



rwe would see King Frost on his tlirone, we must travel to 
the Arctic or Antarctic regions. Of the latter little is 
known, save that there are mountains rising to the height of 
15,000 feet, that the Antarctic continent is at present ice-bound 
and going tli rough a glacial epoch, and that ships are stopped 
bj pack-ice before reaching the 70th degree of latitude- Victoria 
L^nd» which extends from 71° to 79** south latitude, was ascer- 
t^ned bj the exploring expedition of Sir James Koss (1841) 
to be fringed by an enormous barrier of ice ; while the inland 
eouDtry rises from 4,000 to 15,000 feet ab*>ve the sea, as in 
Mount Melbourne, and the crater of JVIount Erebus is elevated 
to the height of 12,000 feet* Graham's and Enderby's Lands,, 
in the Antarctic regions (lat. 64^ and 68° S,), are situated 
in the same parallels of latitude as are those regions of the 
aorthem hemispliere wliich are inliabited by man and herds of 
wild animals ; but the Antarctic lands are not known to possess 
a eingle land animal, and are wild, wintry, and desolate in the 
extreme. Frost reigns everywhere ! In the Arctic regions of 
the distant North voy^era have explored much the seas and 
border lands^ — the home of Arctic men, and the abode of the 
mii£k ox^ the polar bear, the walrus, and the reindeer. 

The accounts of Greenland are remarkable. Some travellers 
who have penetrated a few miles into the interior of southern 
Greenland describe it as occupied by one vast ghicieiv and state 
that in 70^ N, the land of the interior is covered by one vast 
ice*sheet of imknown depth, which conceals and obliterates all 
indications of bill and valley. This vast mass of inland ice ia 
in constant motion, creeping and advancing slowly, but with 
different velocity, in different places towards the sea. Near 
the sea it presents "ice-walls" rising sometimes to the height 
of 3,000 feet, and from these break off the iceberg and icefloe, 
with a crashing and then a roar like the discharge of a park 
of artillery* Some of the bergg ground in the fiords and break 
up slowly, others sail oflF to the ocean, sometimes rising to th& 
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height of 200 feet, looking like va^t glassy towers and ouiiap-^ 
rets as they move steadily out to sea. We learn also from tha, 
receot expedition of the Geiman Expedition of the Germunia< 
and Hansa^ that the north-eastern district of Gix>eBland is a 
great contrast, as regards climate, glaciers^ aod animal life, 
when compared with southern Greenknd. lu Td"* 29' of latitude 
N. they found abundance of reindeen In 73"^ 13' N. a large 
fiord was discovered and entered by the Germania^ and ghe 
iiscended it tor seventy-two miles. The further they ascended 
the warmer became the temperature of the air and the sea. The 
scenery of the caimtry of South Greenland, about 70° N-, is 
degcribed by Mr- Whymper as *' completely covered with glacial 
ice up to a great altitude, and at the summit formed a deadi 
level-" The sce-nery as described from the reports of Cap' 
Koldeway and Dr, Lanbe, up this north-eastern fiord entered b; 
the Gemumm^ is '^Alpine," ** beaut! fol,'* and "imposing.'" 
miknown land— the real interior of Greenland — revealed itself be- 
fore their astonished gaze.'* Some raountaing were ascertained ta 
be as high as the Matterhom (14,000 ft.), and one 7,000 feet high 
wai^ ascended. Numerous glaciersj waterfiills, and cascades came 
•down from tlie mountains, and reindeer and musk oxen roamed 
about in herdii. Ermines and lemmings were also met with> 
but the Esquimaux appear to exist no longer in this district. 

The experiences of the crew of the Hansa were very different«j 
8he was driven far to the south by winds and currents. Frm\ 
caught her by the middle of Sept., and the ship was frozen hard 
and fast, without hope of escape from a winter in the ice. In 
Oct. the ice crushed up the ship, and the Harisa sank, leaving 
the crew on an icefloe. On this ieefioe for 200 days they 
lived and drifted, Btrnggling continually amidst ice and storms, 
and sufiering frecjuently from bitter hunger. In May they 
were enabled to launch their boats, and on June 13 reached the 
^station of Friedrichstal, aftt^r endm'ing the most, terrible liard- 
ships.* We learn from such voyages the importance tlie gl&* 
cialist must atUieh to the drifting of icefloes and iceliergs. The 
Buperflcial area of the floe on which the crew of the Hansa were 
saved was upwards of three equare miles * and arctio voyagers, 
in the high northern latitude of Spitzbergen, have seen bergs 
drifting along loaded with thousands of tons of rocks and earth, 
which on melting fall to tlie bottom of the sea* or against some 
coast or island near wliich the berg is stranded. Such must 
have been the history of the transportation of the boulders 
which have come from Norway and Sweden, and wbicb wei 
deposited on tlie coaat of Norfolk, above the submerged €romi 
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Ibreit b^d and the skeletons of its extinct mammalia^ Seeds and 
l)eniea of herbs, and shnibB too, must be often carried on ice-rafta 
cut t4j sea; and we may owe our Arctic plants which still linger 
<in our mountain aiimniits in Great Britain to such migratious in 
glacial timed, Ik-ars and wolves have often been seen and heard 
on icefloes, hundrerls of miles from the shore ; and tlic crew of 
the Hansa are not the first men who voyaged upon a floe. 

I shall allude to Greenland again as revealing another history. 
It is the lot of few men to behold such ice and frost phenomena 
as I have alluded to. Ordinary mortala must be content with 
ascending mountain heights in more temperate latitudes, where 
the atmosphere becomes colder as we ascend ; for even in 
tropical regions there are mountain heights where frost does its 
work. In the Swiss Alps the snow line is about 8,500 feet 
abuve the iea, so that in the lofty recesses of the high Alps, 
which reach from 12,000 to 15,000 feet in height, the moment 
the sun goes down, frost sets in, even in the summer time, and 
the icicle droops from the rock, at night, where, in the daytime, 
drippifd the nmlet. In Switzerland, as is well known, we may 
a^end to regions on the summer snow-line, where comfortable 
hostels are established, and we may investigate snow and ice and 
glAciers. Such is the Inn of the Eifi'el, above Zermatt and the 
l^reat Goraer Glacier, and from near which we visit the Monte 
Knsa glaciers, and behold a panorama of snow mountains forty 
miles in diameter- Such snow mountains are the great feeders of 
the glaciers of the AIps> Everyone knows what a glacier is, and 
bow they are rivers of ice, frozen masses, which descend some- 
times for a distance of twenty miles from Alpine heights to the 
valleys below. We need not enter into the disputed cause of 
their 'tnotiou, 1 propose rather to direct attention to phenomena 
presented by tliese products of frost wlueh come within the 
-ubeervatiou of all travellers in Alpine regions, and the observa* 
iion of which greatly enhances the enjoyment of Alpine traveL 
Unlike the continental ice of South Greenland, above which no 
rock rises above the ice to become shattered by the frost, or 
weathered by the gale, to send down its debris upon its glassy 
bcjsom, in Alpine tliistrict^ the mountains rise sometimes 
thousands of feet above these rivers of ice, as they creep down 
the valleys and gorges ; and great masses of rocky debris fall on 
them, the result of the cuntiuuous and alternate action of thaw 
and firost. These accumulations are termed moraines: and 
there are lateral moraines, which are piled on the sides of a 
glacier ; medial moraines, which are formed when two streams 
of ice meet ; and the terminal moraine, where the debris is 
deposited at the termination of the ice. 

>'ow with regard to moralnm^ I advise every traveller among 
glaciers who would add to the enjoyment of his tour to learn 
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as much as pjossible, by the ai^l of geological map?, tlic evidencal 
of a tnisty gitide, and above all by personal observation, whatil 
the rooks consist of which overhang a glacier at differeiiti 
localitieij along its course- For eiample^ the great AletsclJ 
glacier is more than twenty miles in length, and in it^ mo-l 
rainea are rocks of totally different formations: some are! 
wanderers from the source of the glacier among the greay 
gnow-fields; othexs are derived from rocks in sUti nearer! 
to the foot of the glacier at the Bel Alp. Again^ at the Zmutt 
Glacier near Zermatt, a rock fragment which lias fallen from 
the Matterhorn is a volcanic rock, and differs in toto from a 
fragment from the Dent Blanche. In many instances, and many 
localities, these ice-bome masses render evidence that the ice of 
exis&ting glacierg once rose far above their pretieiit surface* and, 
stranded high upon mountain flanks, sometimes a thousiind leefej 
above the glacier, or tlic site of a glacier long since melted away,^ 
it is often of importance to the geologist to know the home of 
the parent rock from which this or that wanderer has beeaj 
derived. This is especially the case in hilly countries, whera 
much debris has fallen from the rocks into the mountain 
More than once it has occtirrod to me to be ient to eee oW 
glacier moi-aines which were no moraines at allj and wldcii] 
would not have happened had my friend known the diSerenc 
between atmospheric debris and the erratic ma&iea which mc 
or less are generally to he traced in true moraines, It is well 
also to accustom the eye to recognise another witne^ of the 
existence of a glacier^ — vi^i the "roc/ta moutotiAe^' so called 
from the supposed similarity to the round and smooth outUnaj 
of a sheep'n back wheu newly sheared and when lying down- 
The^e 7'oche>^ 'moutoiiie^ are portions of the rock, in sitUi ovet 
which a glacier has passed, and owe tlieir round aod smootb 
outline to the action of the ice continually grinding over thei 
and planing off the inequalities* Blocs perches also are rock'' 
masses which have been carried upon a glacier often for 
long distances^ and left perched, on the melting and retiringj 
of the ice, far from the parent rocks from which thefl 
were derived. Among the Mont Blanc Alps are rocks on 
different character. There are granite rocks, gneiss rocks, conJ 
glomerates and various others ; and it is very striking to sbe m 
blue perehS of Mont Blanc granite, glistening white in the &unJ 
perched upon some dark rock on the side of a hill, far from thM 
noble mountains from which it has travelled* I 

Borne years have passed away now since I accompauied mjl 
friend Sir William GuiBC^ who also loves the lore of the rocks^ im 
examine glacial phenomena among some of the noblest of Alpina 
scenery* to collect Alpine minerals and fossils, Alpine plant^ 
Ali>ine buttertlica, and Alpine everything- W'e first visited thll 
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glaciers of the Rhotie and Vieacli, and the great Aletsch glacier, 
and later on we went to the Monte Ilosa district and it^ glaciers. 
At the foot of the Khone glacier we saw proofs of the recent 
gradual diminution of the ice in that district, when we examined 
tbe terminal moraiaes which are arranged concentrically one 
within another, showing the retiring, step hy step, of the ice 
foot* We soon foimd that the glaciers of the Alps are not every- 
where shrinking at the present time. The Gomerand Findelen 
glaciers^ which descend from the Monte Rosa snow-iields, are 
mcma«in^7 for we found the great Gomer glacier towards the 
base ploughing up the green turf and cherry-trees thereon. 
Men tJ30 are still living who can rememl>er encroachments on 
-considerable tracts of land^ and even that the Corner glacier 
thrnst boulders through the walls of chalets, some fifty or sixty 
of which were destroyed by the protrusion of the ice. The Zmutt 
glacier, too, which takes its name from the vast masses of rock 
which cover its lower extremity, should be visited to see what 
an amount of moraine matter is travelling slowly onwards 
towards the rushing river which flows in a torrent from its icy 
interior. Above it rises on one fiidc the mapfnificent Matterhorn, 
which sends down masses of greenstone to the glacier^ to travel 
ottwards with the gneiss of the Dent Blanche and Col dErin. 
Our guide over this glacier was one of those who the year before 
wont to assist in brinfjing in the mangled remains of Mr, Hudson, 
Mr. Hadow, and Michael Crox, after that fearful fall from a 
precipice of 4,000 feet, on the side of the Matter!iorn above the 
glacier, Tlie body of Lord Francis Douglas they never found, and 
it was supposed to have fallen into a crevasse. I need hardly 
allude to the grand sceneiy around Zermatt and the Eiffel, with 
Monte Kosa and her glaciers, the Lyskamn, the Breithom, the 
Matterhorn, tlie Dent Blanche, and the Weislioni as seen from 
the Gomer Grat and the Cima di Jazi, which itself is a scene 
of enchantment as you look upon these magnificent mountains 
mx whose summits snow and frost reign supreme, and which are 
Idom trodden save by the chamois, or floated over save by tho 
lergeyer, Here^ too, you stn.nd face to face witli the 
adons eaatarxL precipice of Monte Rosa, while 6,000 feet 
lies the Maeugiiaga glacier, and away, far below that, 
the green vineyards of sunny Italyi Yet even here, though 
suiTOimded with snow moimtains, from which flow great 
livera of ice, around the Riifel, on the flanks of IVlont^ Rosa* or 
at the Gomer Grat, every place that is free from snow reveals 
evidence of the once greater extension of far larger glaciers in 
roches mouton^es, blocs perclies, and ice action of other days. 
But tjefore alluding to the phenomena of extinct glacial action 
more fully^ allow me to say that I know of no glaciers where 
the residts of ice action, or glaoiatioBi can be studied in greater 
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perfection than among the Mont Bki^: Alps around Chamotmit. 
I visitc*d this tliatrict during the autunin of 1875, Hcfe tin? 
changes are most marked within the hi 'i* Sir Wm, 

Giiiae pointed out to me the spot whe t tli© glacier 

of the Mer de Glace then cittcnded beyond the Arveiron 8 smiroe. 
It !ia.^ retreated nearly a hundred yard?* Higher up, nmr the 
Montxanvert, the glacier hus sunk twenty teet below the nock 
from which he-j thirty ye^n^ ago, steppc^d upon the ice. Such has 
been the gradual diminution within tliat period. The ol<ler 
guides confirm Sir Willinm's etatemeBt, and the correctne^ of 
Lis observations. Here all around we may study moraines far 
from the glacier, roches mouton^s of gneiss, worn and polished 
as if the ice had vanished suddenly the day l>efore, and I : i 
and brown as if scathed by fire; with here and there a V: 
perch4 of white granite? which has travelled from Mont Blanc, J 

Xear the source of the Arveiron the Mer de Glace has plied ■ 
up a great terroinal moraine, rising into a long low bUl, one 
sida of which is covered with treea. This hill ia made up of ■ 
foaseee of rock of all sizes, which once were wanderers upon thel 
slow moving glacier when it thrust its ice f<3ot beyond thai 
present termination. One great enatic of Mont Blanc gmnltal 
has been marked with a large red 2, by tlie Geolog^ical Boeietyl 
of Switzerland, to prevent its being blasted by gunpowder fori 
building purposes. This erratic is as large as a good-size(» 
cottage, and is an example of the size of th*^ rock masaa^ wbieU 
now and then fall from the hills above the glacier, and artn 
carried forward often for many miles upon the ice, Niuneronjil 
bloc perches are stranded on the flanks of the hills on the rightJ 
bank of the Mer de Glace, as you descend from the Jardin to tliM 
Chapean, which the observer may at once gee do not behmg ti>| 
the rocks on which they lie stranded. There are some rock J 
masses, too, %vhich have been derived from different local itie^s^l 
now perched on the ice towards the foot of the glacier where iti 
comes down into the valley among chalets, and pine woods, and 1 
Alpine gardens. I 

Such are some of the modem phenomena the geologist learD^I 
to obsei-ve among glaciers and ice action. These, however, are I 
merely subsidiary to the interest with which we pursue thol 
examination of the evidence thrit there w^ere, in former dayf,J 
glaciers of colomal dimensi'Ons^ which filled the great x\i]e^^ ofl 
Switzerland with ice, and which reached from the Alps to thel 
Jura, across where is now tlie Lake of Geneva. To thitJ 
strange liistory belongs tlie transportation of the celelirate<ll 
Mont Blanc granite boulders, which are stranded 900 ftn^t abovM 
the Lake of Neufchatel, and of which the Pierra a Bot is th^ 
most remarkable. Again, on the east of the Lake of Gcmmiil 
^dte Bex, are the great blocs perches of Monthey, which liq 
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against the hills that bound the Ehotje valley. Most 
of them are of ^anite, and, if not quarried for building pur- 
poses^ there was one which was calcidated to contain sonae 
20,000 tons of granite- They lie perched several hundred feet 
above the Rhonej and are the relics of a great glacier that once 
filled the valley, during the period known to geologists as the 
Glacud' Epoch- Nor is the e\adence of the former great exten- 
sion of glaciei-s dehcient near Chamounix for those who look 
out for such proofs- As already observed, high above the Mer 
de Glace may be seen blocs perche, moutoneed rocks, and 
moraine matter piled high tthov^ tJie present glacier. Again, 
as we journey from Chamounix to Martigny up a beautifid 
valley skirted by pine woods, we see the picturesque village of 
Argentiere opposite the Silver glacier, which descends to the 
valley from the magnificent Aiguille which towers above* 
Beyond this glacier is a great terminal moraine, forming a 
wooded barrier right across the valley, save on the left bank^ 
where it is cut across by the river. This terminal moraine 
must have been piled up by a great glacier which oucc came 
down the valley from the Col de Balme, for it is made up 
chiefly of erraticH derived from that di^fbrict. The ice is gone^ 
||tad in the place thereof we have the piue woods, the village^ 
Kd the nishiug river, with marks of glaciation everywhere on 
the sides of the valley. Beyond Argentiere, too, up the valley 
of Berard, on the left hand in going to the Tete Noire, are 
some large blocs perches ranged in lines at a height of more 
than a thousand feet above the valley, The^e are erratics which 
were stranded where they now rest by a stupendous glacier 
which swept down from the mountains from the direction of 
Trient, and the mountains above the Valoreino, and of which 
now not a fragment of ice is left* But we w^ill carry oin: 
investigations still farther. At the lower end of the great 
Italian lakes, such as Lago Maggiore, Como^ Garda, and others,, 
there are immense moraines which ha\e been brought by extinct 
glaciers from the upper Alpine valleys far above the lakes« 
Profe^ior Kainsay suggested that the origin of all these lakes is 
owing to the crushing and grinding action of enormous glaciers 
descending from the high Alps, which w^ere several thousand 
feet lugher during the intense cold of the glacial epoch tlian at 
present. At all events.^ it is certain that glaciers once passed 
ov&r the sites these great lakes now occupy. At Isola Madre, 
one of the beautiful Borromean islands in the Lago Maggiore^ 
we found the rock surface moutoneed, and stranded on it are 
fragments of granite and other erratics. The heautiful gardens 
there, with terraces of orange-trees, lemon-trees, and citrons^ 
pomegranates, oleanders, and magnolias, are situated upon 
troche vioiiU)n^e of a great glacier which once swept down. 
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from the Alpine regions of fro^* The old ic»r track t^ 
rounded by the liluo i^vaterH of thelakt*; ami the ni^hti 
hhvji,^ in tlio grove, and the fire-fly Mu^ on a summer oig 
alKive tbe gl;icier's ancieat l>€d, while miles away glis.ten H 
«nowd of Monte Rosa* Nor is it only by the Itaiian lakes 
see the remuiufi of glacier action of days long since passed awaj 
Everywhere among tlie mountains and hills which stirrouB 
<^omo and Lugano are the old ice-mark^ showing that wheH 
now the sheep pastures and wild flowei^ are I4o5,'^oining', ic 
masiie^ crept for long ages over land siirfaces which now nouris 
the fig-tree and the vine* I might give many more example 
but will only allude here to the colossal moraines of a va 
glacier which^ during the Glacial Epochs swept down to Ivrea 
the plains of the Po, neiir Turin. HiUs hjj^her tbtm 
Malverns (1,5U0 feet), and fifteen miles in length, are the 
entirely composed of moraine matt-er, containing enormous^ 
erratics brought l>y an obi glacier from the high Alps l>etween 
Monte Bosa and JMnnt Blanc- I have obsers'ed also that the 
ice of the Glacial Epoch extended much fart her muth than was 
formerly supposetl- Whan visiting the shores of the Mediter 
mnean^ between Frejus and Genoa, two years ago, I was stmei 
with the moutoneed appearance of some of the rocks both 
inland and on the coast- This evidence, toOj corresponded with 
that of the Mentone Caves, where the remains of the mammoth, 
hairy rhinoceros, marmot, and reindeer showed that the climat^H 
there mast have once been very different to the present, for al^^ 
these animals are northern fomis, and must have migrated 
during the Glacial Epoch to the shores of the Mediterraneai 
from their former home in Siberia, Still it was hazardou.^ 
speculate upon an accumulation of ice down vales now occupi 
by olive, orange, and lemon groves, and where even tlie palm- 
tree now flotuishcs. I gucc^ed, however, with the aid uf m 
fritnd JMr* Jloggridge, notwithstanding the immense auioun 
of atmospheric lUbriH with which the countiT is masked, i 
tracing glacial action among the picturesque hills which ri 
above Mentone. To one of these I had the pleasure of conduct 
ing my friends Sir W. Guise and Captain Prie4;% This w« 
below the old Castle of Agnesi, where a gbiciated* polishe<i, lui^ 
grooved -rock surface had been laitl bare by the quarrying of 
mass of angular debris, which had protected tlie 'giaeiat- 
Burfaee from weathering, I believe this breccia to be of tin 
some age ai that which contains the Ixjnes of the miiiomnfh, 
marmot, and bison at tlic Meiitone Cave*^. Higticr up iiUiMii|ji 
xeveml cols my fiicnd Mr* Moggrit^go conducted ine U 
localitiee where are erratic rocks which he recognised as bej*mg 
ing to the mountains which range in the direction of the Col doi 
Tenda, and coidd only have been stranded where wo found th' 
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^^ ice. Then wLen we extend o-ir observations to our own 
PountrT, it wonderfully increases our interest on a tour in North 
Wales^ or Scotland, or among the green hills of Ireland, ta 
mark the signs of vanished glaciers in vales around Snawdon^ 
or Ben Ne^-is, or by the Lakes of Killarney. I have gathered 
Alpine flowers from a roclie 'inoutouee^ or ckifitaring beneatli a 
bloc per c he, bj the waters of Lljn Ljdaw (Snowdon), or the 
summit of Mac^llieuddy^s Keeks, or away among the deer 
forests of Sutherland or Ross. Bix glaciers onee flowed from 
the inoimtains of Snowdon down the valleys. The ice has 
vanished, but the e^ddencc of its former existence still lingers, 
and few things are pleasanter during a summer's ramble than 
to trace tlie old glacier relics to their sources among the wild 
valleja of wild Wales. But all these proofs of the existence 
<if Frost actio?! and Ice dctlon, where now there is none, take ixa 
iKick to the Gkicial Epochs durinj^ a portion of which epoch 
the great glaciers I have alluded to filled the valleys of Switzer- 
land and Italy, and great eiTatic masses of rock were carried 
by land ice, and other erratics were borne by floating iceberg'^ 
over the seas which then washed over large parts of Europe 
and North America* So intense was the cold during a portion 
of the Glacial Epoch that 8cothind and North Wales were 
wrapped in ice as Greenland is now^ while the ice covered every 
liill and valley under one continuous field of ice* Again, wa 
leani that during this epoch there were great changes in the 
level of land and sea ; and that it was daring the submergence 
of large areas in Europe and America that great angular 
aents of rocks wexe transported by icebergs far from 
ie parent rocks to which they belong, and were deposited over 
ida areas of what now is dry land upraised from tliose glacial 
seas. 

Such is the history of the ice-borne boulders which overlie 

the submerged forest of Cromer on the coast of Norfolk. They 

are wanderers from the rocks of Norway and Sweden, embedded 

in marine l>oulder elayj for there are associated with tliem 

Tnarine shells which lived and died on the sea-bed where the 

erratics were stranded on the melting of the ice wliich bore 

them over the seas. The species of shells, too, testify of the 

cold climate which affected the seas as well as the land, when 

^cebergs floated down to the latitude of the Norfolk nhores. 

Hhe *' Forest-bed " itself is an ancient land siu^aee on whicljj long 

WgBB ago (Pliocene or Preglacial times), there grew large forests 

prhich swept over what is now the German Ocean. And these 

forest lands were inhabited by great quadrupeds— elephants, 

hippopotami, and rhinoceri^ — whose remains are found in large 

quantities in old lake sites of that peiiod, associated with plants 

and fresh-water sheik. These animals belonged to a southern 
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type of maminalia. The Glacial Kpocb came on, and for longj 
ages the forest of Cromer and its lake bed and the skeletjiiw 
of the animals which had been washed into it, were sunk be neat.™ 
the waters of the glacial geas and were covered up by these^ 
relics of Boating' ice, the erratics from the distant north- Tben, 
in days long^ after, we find the forest animals succeeded by a 
northern group of animals— the mammoth, the lemnainf^, the 
reindeer— which had to migrate for shelter and food from regioni 
which had become uninhabitable through tl^e rigour of intense' 
frost, and where no longer could flourish even the arctic willow 
or the reindeer moss. And it was then that the vegetation ofj 
Great Britain became changed also* Here, then, grew the fm; 
of the reindeer, and the arctic birch flourished where many 
plant had to yield before the influences of frost ; and the dwarf J 
willow, which we now find upoii our highest hill summit 
among glacier tracks and the groovings i>f extinct ice^ musi 
have grown abundantly by the caves which, in so many part# 
England, yield the fossil bones of the reindeer, the mammoth,^ 
and the Irish elk. 

But if this is the history of temperate latitudes, what has 
been the effect of frost and icework in imrtkenh regmns f There 
was a time when Greenland and Spitzbergen were not lun 
the dominion of &ost as they are now, but when luxuriant 
forests grew where now sweeps the glacier, and the vine flom-jshed 
upon sites now sealed by ice which no summers' sun can melU 
The researches of geologists have revealed to us that this now 
icebound continent was, in Tertiary tiraes ( Miocene age^), a 
forest land, stretching away towards the Pole on the north, and 
to Spitsbergen on the east. Among the trees of this Greea^ 
landic vegetation was a large Sequoia, closely allied to the greafl 
CaUfornian pine^ the WellingtoniagigaDtea, which is found tejs^il 
where it grew, its roots in the soil, and around it^ branches, id 
leaves, and cones. This tree is very abundant in the lignite bedu 
The chest nut-tree has been determined, with its flowers and id 
fruit. There, too, grew the magnolia, of which both the flowexi 
and cones have been preserved, the walunt, the plane-tree, and 
the vine. There were eight species of oak, the birch, the hazeU 
and the alder ; and beneath these forest trees grew numeroul 
ferns, while the stems of the trees were twined around by thd 
ivy and the vine- Even the fungi on the leaves of certain treed 
have been detected by their spots and dots and spores, whicll 
are determinable under the microscope. Well, then, may wd 
inquire into the cause of this wonderful change brought abtmn 
by the frost and cold of the Glacial Epoch since Miocene timed 
in Polar regions ; as well as to the cause which lirought abonti 
the Ice history among our own mountains and valleys of Gresil 
Britala. I 
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'Si a long time geologists lia^ve endeavoiired to account for 
this wooderiul change of climate by varioug alterations in the 
pOBitionB of sea and land, elevation of high lands in Polar 
regions, changes in the flow of the Gulf Stream, and other geo- 
graphical modifications. Sir Charles Lyell directed attention 
long ago to the effect which the altered positions of land and 
sea must have on climate in different parts of the world, and to 
the alteration which must affect Polar regions, or any other 
regions, if high mountain ranges were elevated in the place of 
low-lying plains, or lakes, or seas. In his great work, ** The 
Principles of Greology/* he discussed fully the effect of the 
Gulf Stream in modifying Arctic cold, the effect of the 
FobD, or the sonth wind, now, in meltmg the ice of Alpine 
glaciers, and the change brought about by the elevation of the 
S^iara or Great Desert into land instead of sea, with various 
other geographical changes and conditions which do, no doubt, 
affect climate very considerably. But for some time past there 
has been a strong belief that all these phenoraena combined 
were not sufficient to bring about that intensely cold period 
wbieh for long ages held oiu* northern hemisphere under the 
dominion of intense frost, and brought about such extraordinary 
changes of climate since the Miocene forest days of the Arctic 
re^oni. So strongly did Professor Heer feel this that, after 
aevfifal invef»tigations into tlie history of the fossil trees and 
plants which formerly grew in Greenland, he said, *' We are face 
to face with a problem wliose solution must be attempted, and 
doubtless completed, by the astronomer/' And for some years 
now, astronomers, mathematicians, and physicists have endea- 
voured to solve the problem. The possibility of an alteration 
in the ea.rth's axis was maintained by the late Sir John Lnbbock 
and M, Adhemar, and the changes which might be caused by 
variationB in the eccentricity of the earth's orbit, with other 
astronomical problems, have been calctdated by JMr. Croll, Mr- 
Stone, and other mathematicians. But I must refer those in- 
terested in such questions to Mr, Croll's work on '^ Climate and 
Time in their Geological Relations," I will only say that late 
geological researches do somewhat confirm Mr, Croirs views> 
which are derived from certain astronomical changes, and the 
physical conditions those changes produce on the climate of the 
earth. Mr. Croll believes that there have been re^urnnf/ glacml 
epochs, that is to say, cold periods followed by warm periods^, in 
both hemispheres, throughout all gmlogwal time. But geology 
has for some time past contemplated this question of recurnny 
glacial periods. There is undoubtedly evidence of frost and ice 
action in the transported blocks which occur in conglomerates 
of the age of the Old Red Sandi^tone in Scotland. Professor 
Bamsay was led long ago to infer that ice action was the only 
m2 
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way to account for the transport of large angular erratics win 
are found in breccias of Permian Age* Mr* Godwin Aiist- 
called attention to ice action in France during the Carbon iferoi 
Period, owing to similar pbenomena presented by carboniferoi 
eonglomerates or moraineB* The '' flysch " of Switzerland indi- 
cates the existence of glaciers in the Swiss cotintrj during some 
part of the long Eocene Epoch, wliile during its earlier ages we 
know that the nummulitic ocean flowed over sites tiow elerated 
into the summits of the Biahlerets and the Dent du Midi. So 
during the Miocene Epoch • In earlier Miocene times we find 
forests growinj^ in the distant north ; while in later Miaeene 
times, or during the deposition of Upper Miocene strata, we 
know there were Miocene glaciers which bore down great mo- 
mines to the neighboiu^hood of Superga. near Turin, Lastly, the 
retiring of the colossal glaciers whicli stranded the Pierre k Bot 
above Neiifchatel was followed by a wann or interglaeial period, 
with small glaciers; and then the ffreatglueiers cams back again ^ 
and since that have again receded to the present pigmy ice- 
streams now presented to our observations* These are geological 
phenomena not to be ignored ; and without venturing to pi 
nounce an opinion on the theories of Mr- CroU, I hon^t 
confess many of them will, if they bear the test of criticism, 
prove a blessing if they enable us to solve some of ttie more 
puzzling phenomena presented by geology. 

Is it likely or probable, if there was frost and ice action in 
Scotland and England dm-ing Devonian and Permian times, and 
during tlie Carboniferous Epoch in France, that at the same 
period Polar regions were warm, and free from glacial action ? 
Again, Mr, CrolVs theory as to the oscillation of the level of 
the waters of the oceans, caused, as he believes, by the physii 
effects produced by recurring glacial phenomena, appears 
account for some of those changas in the level of land 
water whicli are so difficult to account for when we have 
appeal solely to local earthquake movements — e^rtliquake mov 
ments in all kinds of places in shifting the land up and do 
and down and up again. Again, recurring glacial epoclia throi 
all past time would assist us somewhat in accounting for 
extermination of whole series of animals, which, as the Fi 
periods recurred, might have been imable to siu^vive, ai 
during which some species, driven southwards^ might ha^ 
become changed and modified. No one can tell why tl 
mammoth and woolly rhinoceros, which once inhaliited Siberi 
and later on temperate Europe, in such vast herds, should hav 
died out so as not to have left a single specimen up to histoi 
times, or why the horse and mastodon should have perished i 
North America. No one can gay why no trilobite lived, at al 
events in these latitudes, th rough the Permian period, or why 
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the great Secondary reptilia, and the ammonites and scaphites, 
which swarmed in the cretaceous seas, should not have lived on 
to the days of the Tertiaries, It is very easy to say ^' they died 
out,'' but there must be some cause for " thf5 dying out,'' and it 
would be satisfactory if we could arrive at some conclusion as 
to the reason why I Now we can easily conceive that recurring 
gladal periods must have a considerable effect upon the life of 
the period* especially wlien affecting latitudes where for long 

iwes the animals and plants had been adapted to a moderate 
pBfitead of an Arctic climate. Some species might never 

^Decome sufficiently adapted to bear the cljange, liowever 
gradual, and, incapable of migration, would perish for ever^ 
leaving only their fossil relics to testify of their former ex- 
istence. Still, whether these periodical changes of climate, 
after the lapse of hundreds of thousands of years, have occurred 
or not, all will perceive what an effect Frost must have had 
upon that part of the globe which we inhabit, during the 
Glacial Epoch, and which certainly and assuredly once affected 
large tracts of country in Europe and America. 

A large part of the northern hemisphere covered either by 
ice like that of Greenland, or by great snowfields and va^t 
glaciers j great herds of animals of various kinds driven 
towards the south for bare life .and sustenance; seas frozen 
where now the white sail quivers in tlie wind ; rivers bound 
like iron where now the steamer dashes the waters from her 
pirow s great cities, such as Edinburgh, whose sites were scored 
by tho ice, ur grooved by the glacier, or, like the cathedral 
towns of Gloucester, Bristol, and Worcester, were rolled over 
by the waters of iceberg-traversed scas^ — these are no small 
changes belonging to the history of the land we live inj and 
were the e fleets of Frost 

And 1 may take the opportunity of stating that the more I 
study glacial phenomena in various parts of Europe, tlie more I 
am Impressed with the belief that the last phase of the Glacial 
Perio{J, in this country at least, was a period of the return of 
glaciers in the Highlands, accompanied by great falls of snow 
on the lower hills, and over Great Britain generally. The 
melting of this snow, accompanied by a great summer rainfall, 
producing floods and fresh -water currents, was, I think, the 
great agent which carried down the gravelly debris which 
constitutes the angular detritus which is so widely spread 
over large areas. The same streams, too, which spread out this 
superficial debris no doubt also washed out of position many of 
the earlier marine drifts and gravels, and stranded them at a 
lower level. At the meeting of the British Association held at 
Birmingham (1865) I endeavoured to uphold these views as 
applied to the last and overlying di-ifts of the regions of 
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Malvern, 8ihiria» and Wales* Since that I have ^i&lted 
parts of Europe, aiut an ejLamination cif the phenomena '^ 
sented, in very many localities^ convinces me that the sea has 
never risen o%'er the land of the interior of Great Britain since 
the days of the mammoth and the tirhorliine rliinoceroa* Nay 
more, I believe that it was a return of glacial climate to these 
regions which destroyed these animals at Isi^t, for on the 
Malvemg there is not a hollow in which the debris I allude to 
is quarried that does not contain remains of the long-haired 
elephant and rhinoceros. The old river beds of this last 
Glacial Period, too, are full of their bones and teeth, rivers 
flooded by the melting of summer snow and excessive rainfall, 
and along the banks of which are found marine shells which 
have been washed into fresh- water beds during what hm not 
been inaptly termed ** a pluvial period " by I^Ir, Tylor, 

Every investiguition I have made of late years confii-ms me 
in the opinion that there Las been a return of glaciers among 
the mountains, and snow and frost in the plains, of Great 
Britain, wdtli " a wa-s^li of many waters " in the summertime, 
since the days of Cave men and the Cave animals. In long- 
a^o ages the waves of the sea rolled between the shores of thf 
Malverns and the Cotswolds, and deposited with their current 
the northern drifts and such marine gravels ; but these drif 
have been since much disturbed and re-aggregated by fresh 
water and suliaerial agency, not by the waves and currents of < 
returning sea. The mammoth and tichorhine rhiooccro 
with Palieolithic man, were^ I believe, inhabitants of Grea 
Britain when the salt waters of the Severn straits glistene 
above the sites of Bristcjl, Gloucester^ Tewkesbury, and Wor 
cestei*, and lived on through all that long period which con 
verted the Severn stmits into the Severn river vale. The laa 
of the Slammoths probably saw the contiguration of tlii 
country much as it is now, but under a retuni of glacial and 
pluvial conditionsj and under the dominion of min&, and snowti,_ 
and frost- 
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WHIIjE tjracing the development of one of our species of 
Hermit Crabs, I raised from very young stages a number 
of specimens till they r^ched the size when they need the pro- 
tection of a shell for their further development, I was of 
course curious to see how they would act the first time when 
supplied witli the necessary shells. For this purpose, a number 
of shells, some of them empty, others with the animal living, 
were placed in the glass dish with the yoimg crabs. Scarcely 
had the shells reached the bottom before the crabs made a rueh 
for the shells, turned them roimd and round, carefLilly examin- 
ing them, invariably at the mouth, and soon a couple of the 
crabs decided to venture in, which they did with remarkable 
alacrity; and after stretchiny backward and forward, they 
eettled down into their shell with immense satisfaction. The 
crabs who were so imfortimate as to obtain for their share living 
sheUs, remained riding round upon the moufch of their future 
dwelling ; and on the death of the mollusk, which generally 
occurred soon after in captivilyj commenced at once to tear 
out the animal, and having eaten it, proceeded to take its 
place within the f^hell. 

It is of cour^^e very difficult to apply to Invertebrates many 
of the laws of natural selection, and thus far we know so little 
of the habits of most of our marine animals that it is idle 
to speculate upon the effect of causes wliich may effectually 
modify the life of higher aiumals. In the case above men- 
tioned there is no possible connection between the embryo and 
the parent to account for the young having learned from the 
former the use of the shell and its value for his existence. 
We can therefore only explain the faculty of performing the 
act as inherited, or else as a simple mechanical act rendered 
necessary by the conditions of the young hermit crab. This 
latter seems the more probable case from the nature of the test 
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of the hermit crab in its younger stages* ^Miile the young" ' 
hermit crab soon after leaving the egg m still provided with its 
powerful temporary swimming feet, aud while the feet of the 1 
adult can only be traced a& mere nidiments behind Ihein, the j 
whole test of the cephalothorax and abdomen (which are sym-l 
metrical) ia of considerable consistency up to tbe last moidts 
preceding the stage when it seeks a shell. At that time the 
yoxmg are no longer symmetrical ; the feet, which are now fuUy 
developed being largest on the right side, and the abdomen 
beginning to ciu-ve in the same direction awuy from the longi- 
tudinal axis. ^Tien tbe moidt has taken place which brings 
tbem to the stage at which they need a sbellj we find important j 
<»hanges in the two Mnd pairs uf feet^ now^ changtd to shorter 
feet capable of propelling the crab in and out of the shell ; wej 
find also that all the abdominal appendages except those oc 
the last joint are lost, V»ut the great distinction between this] 
stage and the one preceding it is tbe curling of the aljdomen i 
its ungBj BO distioctly marked in the previous stages, are quite ] 
indistinct, aud the test covering it is reduced to a mere tilm^j 
BO that the whole abdomen becomes of course very sensitiw^ 
It is therefore natural that the young crab should seek somo J 
shelter for this exposed portion of his body, and, from what l| 
have observed, any cavity will answer the purpose; one of 
the yoimg crabs having established himself most comfortably^ 
in the anterior part of the cast akin of a small isopod, which 
seemed to satisfy him as well as a shell, there being seveiml 
empty shells at his disposaL This mechanical explanation still 
leaves unanswered the eagernej^s with which the crabs rushed 
for the shells, their careful examination of their openings, their 
taking tbe animal out and occupying its place : all acta which 
seem to require considerable intelligence, and to show remark- 
able forethought, — Silliman^s Ajriei^can Jmimal* 
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THE HISTORY OF CREATION/ 

ASSUREDLY, it bj tbe term Creation is to be understaod the making 
of the animal and ^egetubk woHda by the Cxeator, then the tirsfe 
portion of the title of the present work is slightly out of place. Of course 
ihe eecoadarj pottiou of the title sufficiently explain a the nature of the book; 
but then that in no manner aifecta the <5^uestion. The work in essentially 
one which Beaks to bring about tbo uttor annihilation of the Christian faith ^ 
■sd a belief to the fullest extent in the doctrine of Evolution in the deve- 
lopment of all animals in a direct line one from the other— the higheat 
having proceedi^d from the lowest- Of course there is nothing" new to be 
presented io a work like the present one. The writings of Darwio, Huxley^ 
and Herbert Spencer have adequately enou|rh established the doctrine of 
evolution in the minds of moat scientilic men. But something further was 
neceaaary for the introduction of this matter to the minds of the masseeif 
And for the rendering the subject m general that the reader could grasp it 
in all ita details, A labour of thia kiad was not of a simple character ; it 
required two separate taaka to be performed by the writer^ — one to examine 
the subject in all its aspects^ and the other to render his account ao clear 
and intelligible that it would have no difHeuIty in entering the mind of a 
popular reader. How has Herr Haeckel done Ilia portion of the task, and 
bow have the editor and translator performed theirs ? We think there 
cannot be a doubt — sa^e on the part of those who nro prejudiced on thia 
point — that the author has discharged amo^t difficult tnak with conscientioua 
skill and with marvellous ability. On some points we may think he baa 
gone further than absolute testimony would warrant, but these are unini- 
poitant ; while we cannot help admiring the honest fearleasnesa with wbicli 
he expresses opinions which not a few of our Engliah workers bold, but are 
afraid to acknciwledge. In ibis respect ho remiads ua somewhat of another 



• *'Tbe Hiatory of Creation ; or^ tbe Development of the Earth and its 
Inh&bitanta by tbe Action of Natural Causes," A Popular Exposition of the 
Doctrine of Evolution in general, and of that of Darwin, Goethe, and 
Lamarck in particular- From the German of Ernst II. Uaeckel, Pro- 
feaaor in tbe Llniveraity of Jena* Tbe tranalation revised by Profe&sor 
E. R. Lankester, I^f.A., F.R.S., Fellow of Exeter College, Oxford, In. 
2 voU. London : King & Co, 1876. 




.aliiji^ll»m«s«ri 

Mnta of thm arfeml c^t«r« ia widei ik^m %ierm%taw 

icaiioo 4ti m§ n^mj seeoniii^ to Uamem^ Cvriei^ oa AfMu « 
<if CnBtioai Ihtoij of DndopMit, •oati^iug to QotiJie, Ofeea, 
Ltviick, l^<^ «Mi Darmaf neotf of Niitml S 
Frop^Alicni ; Lswt #/ Tn tti a iiw iQa bj U^mtaDiot ; Lawb of Ad 
L*wa of Dmlopaieiit of Organic l^t^iet aad of IsdiTidiMlA; 
of tli^ ITnmot md Etftli ; SpcnitiiiMwGcsBmc^cny !!%»&», ml Bfal^ 
^iititm of QifuntfiEt ; Peiiodt Hid Beeot^ of €na&m ; Bedif?tt of tlo 
Klufdom of Pfotista; Bedigree of the Vegetable EagdiMi; Fedi^me of 
Anlmat-pUfitii and Wcirms; Pcd%r«e of Uidbiaea, Star Siiita^ aad Aiti- 
«iilatid Aiiimid» ; J'edi{rr^ of Yait el iti fto Aaunals; Be^froa of HoUDali; 
Oijgb aod Pedigree of Mas; MifialioD aadBiMzilMtiaii of Maakiod; wa^ 
Ustlf f Oljacttoitt a^uJiit and Pkooli of ilie Tmtk of the Tluovj of DeioMt 
Thcio ferefal cbapteiB ccrver ni^rlj 800 pa|^e« of print, «> that it moft 
Tifit ha £jud that the author kaa dealt lightly with hid subject. Bttt we 
tlxitik that; in addfeeniig audi a work to wb Eoglkli fmblk, Herr TT«wJni| 
wiuld have been wdl adroed had he lefl out a goCNl deal that he hai 
written about the deioent of aoimMki For It most be ooolefiied that any- 
tliitifc like a clear lice of descent &om the Amc&ba or its coDgeeers to i 
SM ttbutjlutelT out of the qtie^tion in the present niuge of science. We niiy 
conntnict tablet of geneHogy, oa we see the author hat often done, but wa 
krKiw that in the course of a few years tbej are certain to be^ brokeii tt|k,. 
Thi'reluroi to tbb part of the present work we distinctlj object | while, ^ 
cf^jUTHtf, we are in ab«oltite agreement with Profes€ot- Haeckel aj to tbe who 
groimdwork of bis ««beme. And hsTmg thna m far espreasad our iisaeat^ 
WR tnfiy now prt:iceed to notice iome pute of thit mmi remnrkable book. 
One of the cbaptera that strikea na aa e&peci&llj of interest l& that m whitb 
ho ihowa up tlie utter fallacy of Agaasiz's argument agninst Dajwini^m* 
Agauiz aaidi ** Dftrwinism abuts out almckst the whole raaes of a^ulred 
ktiowU^dge in order to retdn and nsaimilate to itself that onljr which majr 
nerve it» doctrine*' ; to which Haeckel repliesr " Surely thiii U what w© may 
call turning the whole alTair topsy-tnrvey. The biologist who kuowa the 
fncU mu6t be afit^iunded at Agaasijt'fi eournge in uttemg aiicb sentences^ 
sentences without a word of truth in tbtjur, and %vbii!h he cannot himself 
believe J The impregnable strength of the theory of descent lies just in the 
Ikct that all the biological facts are explicable odIj through it, end that 
wilhoiit it they remain unintelligible miraclcB, All our * laborious know- 
ledfrci' in companuive anatomy and physiology, and in mnhiyology and 
pal rr ontology, in the doctrine of tlie pogiEphieal and lopograpbical 
dinlnbution of organ isniH, &c., congtituteB an irrefti table teatimoDy to Ibe 
truth i»f tbo theoiy of descent*' This U stronar language^ but it certainly 
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ti not ationgei tlinn was meet for AgftjBsiz'a leddaaa aaaertion of fake- 

Anotlier pasaage in IMs work wblch Btrik^a ii» na beiag e^pedallj inl^ 
fi^fting, is tlint from a lottt^r of Dafwrn^s to I'rofcaaor Haeckcli in which the 
fiirmer tnices out the nit>de in which ho camo to hit on liia great discovery, 
that of Natural Selection. lie says i " For Home yeiirs I could not conceivo 
how eactt form became so excellently adapted to iti habita of life. I then 
liegjin mteniatjcally to study doiuestic productioiWi mid after a time raw 
clearly that man's selective power was the most importaDt agent. 1 waa 
popiu^d, from bavin pf studied the habits of animaJs^ to apprecmte the 
»lrug*jrlLi for existence , and my work in geology gave me Bome idea of the 
lapse of pait time. Therefore when I happen^ to read ' Mftlthua on I'opu- 
iation * the idea of natural selection flashed on me/^ Thia fact is important 
to English readera^ as we think it has uot been mentioned in any of Mr. 
Darwin 'a owti books. 

On looking for furtbeF points on which to dwell in our natice of this ox- 
«^Uent work we have come ncrosa one which ia sotuewlmt painful to read, 
m the iuppo^ed tivcts on which it testa are now admittedly miatakeii 
^wa9m It ja m to the Bathybius, i^feasor Ilaeckel, writing before 
Mr. Huxley's renunciation of this organism, deacribes it aa being an 
tini^LUestionabk animal* Our readers are of course aware that Professor 
Huxley has some six months since completely pven up the animidity of 
Ibis quaai-or^^anism ; it i:^, therefore, the more to be wondered at that Mr, 
ester should have allowed Ilaeckera remarks to atimd unqualified in 

le first volume, on p* 184, and in the second volume on p. 53, and have 

lerely added a footnote on p. .*i44, voL i., which says : '* We must wait for 
ier information on the subject of Biithy biua at the hands of the naturaliata 
the CMienger expedition, before accepting it finally as a distinct or- 
We should have expected that he would have removed the 
in which Professor IJaeckcl h^a bo clearly given his assent to a 
Sloctriu© whose chief advocate has torn up hii^ brief. One explanation of this 
pparent neglect may be that the work had goue through tho press nt the 

me that Professor Huxley bad given in hia recftntatioUj and if this be 

►, Mr. Lankester^s note waa but a foresight of the ultimate result. 

After yiving^ many exnmplea of rudimentary organs being preserved in 
riiniiuals which have no piirpoije they can fuitil^ aud of the absence of organs 
l)ttng accouj3t(?d for by natural selection^ — a.** in tho case of the beetles of 
Maderia, which are almoin t all wingless — the author gives an excellent plate 
fthowitig the development of the tortoise, chick^ dog, and man. This shows 
Tery well tn the genyral reader the close xesemblance of these four distinct 
organ lima at an early period of life ; firsti of the tortoise, dog, and man, of 
four weeks, and the chick of four days ; and second, of the tortoise and dog^ 
fiix weeks, the chick of eight days, and man of the eighth week. The subject 
of the wonderful rektiou between invertehraU and vertebratn, which was 
fiiBt indicated in the year 18G7 by Kowftlewskj''a researches, has been 
«specially dwelt on by the author of the present work, wlio has given us two 
capitiil piatea illustrating the relation between the Aacidiati Phallusia and 
the cnmuion LanceWt. In the tirat of these, the immature animala are con- 
ll»iti»d| ftitd ihe coonpaiison shows the extrBoi-dinary relation which exista 
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'between the molluscaja and verlubmte ftoim/ib, V nUtme 

two perfect tj'pes lid© by aide ; and ibougii of cour- t inctire 

marka, yet the resemLlance of the two orgaiiisiDs ia mngnliirly forcible 
We ar© gkd to observe too ihat ihe author iltttwa iLh failuwiuy coqcIu- 
Bioii to hid remwli* on tbb subject: ** Of course wo da not menn tt> say by thi* 
that Tertebrate aniwals ftro derived from timteate nniuiftlsi but nieivly that 
both groupa bare Mia^u out of u comujou r»>f>t, nnd thai the t;uiicaltfs uf bH 
the m?ertebratft ure the nearest bloo-d-rclatitjns of ilic vertebrate*.*' 

In reference to the qut^stioo, from which of I lie (iuiidnituflnft 4**1 tttan 
^jnginate ? Profe^ior Hiieckel thinks tbnt tbt? ''hmnmi fair is n ;Lisfi 

of the group of Catarrhintf mid hav dtvehtpctl oiti of lontj tdtwc v^ , ' rf^ 

tfm f/rvyp in the old tcorld/* And wlieu on thiB suhjt^ct ho reft^ra to i'ri>f@g$cir 
Huxley ^» remark.«," which show that tirna, is nearly na much na the ape, m 
feKJt-banded animal ; for that varioua tribes of men, the Chin^ae iHwitmen, j 
the I^n^iralee workman, and the negro, whnn cHinUiug, UW3 the gr^^at toe In 
the HHuii; uianner as the niouk^^y, and iheiefore that fhr> po^^&e^^ion of anfy 1 
a single pair of b&ada is not to be looked ou as a d»Lrac?ter of tlie hum an 
7ace< He also i>ointa out a fact necessary ta b© ohaorvpd by imwnentiil« 
people, vix. that none of ilie TUiLn*like apes art^ to be a*gardrd aa the parent* 
of the huoiun rnce, but that the *' ape-like progeiiitom of the bumiiu rac«^ 
are long since exlioct'* In concluding hb w^ork Prtifes-or IIni3ckel remarks 
on the desire of some who ate not actually opponents of the doctiine of ' 
Besceat. ** They await/' he sayi, ** the sudden didcoveiy of a human rac«> 
with tails, or of a talking: apecien of ape.'* But such manifestiiiious, as the 
author Tery properly observes, would not furnitth the proof desiri5d^ and 
unthinking pusons would be providt-d with as sjitlsfactcii^ (?) argument* 
as they nowadays employ in hurling their defiance ag^net all who arn 
evolutionisls. 

And now we must bring our notice of thij most admirable work to a close; 
and while we bid adieu, or rather an revoir, to the author, we must wiy a i 
in thanks to the publishers, who Usto not only done their pait of the work 
"moet excellently" well, but who have shown a courage that many waald 
have shrunk from in bringing out this book in its English guisie. 



THE RECOHD OF GEOLOGICAL SCIENCE t 

Tins work furms a taluablo addition to geological Uteratuie, and supptltit 
a want that must have been frequently felt by tlie itudmt and wotlpsr 
in geological science. Although it includea only nottcoa of works relating 
to geology during one year (1874), it comprises more than 2,000 aepnimtii 
entries of booksi memoirs, m^ps, and sections which hnm appeared In that 



* "On our Knowledge of the Causes of the Pheootnnna ♦^f Organic 
Nature." By Trofe^orlluxley, RK.a Louden: Ilnrdwicke. 18132. 

t **The Geological Record for 1874. An Account of Works on Oto- 
logy, Min ei nl o^rv , u nd 1 ^alie ontology piibl ish o d d o ri n u t h e year, ** Edi ted W 
W: Whitaker, llA., F.G.S. Lonclon, 1875. 
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tuot only in tliia country but tbroughout the world whert geological 
h IB cultiTftted. WiieE it ia caneidered the vast ratig© of litemtufd 
ad to be coniultedt not alwavg easily acee^sible, and in ditferent 
-„_p_-ge5, geologists cannot but feel grateful to Mr, Wbituker and bia weU- 
eupporled co-editora for the labour and enerjry tbey hnve bestowed ia tbua 
tnwIciDg OS iifieful and complete m poaaible tbe first volume of tbe " Geo- 
logical lle(!ord'* Tbe work, witb the addfudoi extends to Dearly 400 pages, 
and b accoEopAnied by a copioua index. The subjects are claasified under 
different heads— Dt^scriptive, t^tfttigrapbicn!, Fhysical, Economical Geology, 
Petrtjlogy, Mineralogy, and Pdeeontology ; and tbo latt«r (Vbich mi^ht 
bave Ijeen further diTided) under Vertebrata, Invertebrata, and Plantii. 
Under each beading the authors* namea arc arranged alpbabeticallyj followed 
by the title of tbelr works, and generally by a concise description of tba 
conienta. The niaps are in the alphabetical order of placeft^ so that the 
whob forms an easy and uaeful volume of reference, 



I 



ON RE-FOUBSTlNa IN FRANCE * 



TIIE iOTfire inundatiotiP and the torrential floods which have frequently 
oceuTTed in the South of France and other districts of Europe, ca urging" 
Qxttneive destruction of life and property, have drawn considerable attention 
to the subject, not only recently but for many years past^ and have been the 
object of legislative measunes by the Government of the former country. It 
ia ttn inquiry of much importance in a scientific nnd economical point of 
Tiew, both as regards the causes of their origin and the means to be adopted 
for preventing or modifying the eame. 

That the entire destruction of forests is one of th^J primary causes of 
torrents there can be little doubt ; but besides the loss of the woods there is 
ulso the action of the torrents, in denndlng the vegetable soil, in covering up 
tbo lower grounds with deposits which alter their nature, in filling up and 
-Averting watercourses^ and otiier injurious eiTecte, To obviate these effects 
maDj snggestions have been advanced by various writers^ egrpedally the 
work of Surell, in 1841, '* £tude sur les torrents dis Hnutes-Alpes/- and in 
which may be traced the commencement of the works of nhmimutmt and 
pasmtjiernati which are now being carried on in the Alps, the Odvennes, and 
the Pyrenees, by the ro-clothlng the mountain-aides and brows with trees, 
herbage, and bush. That the remedial measures may be expensive, and the 
present outlay Lirge,so also must bo lo^aes caused by these destructivo floods, 
but the ultimate gains must be great, for it cannrjt be doubted that rehoi^o- 
mmi will be an invaluable advantage to those districts subjcM^t to torrential 
floods. Dr, Brown has supplied in this work much practical and useful 
mfonnation compiled from the numerous authoritiea who have treated of 



" " Keboisement in Prance ; ^>r Reeorda of the Re*pIaotmg of the Alpi, 
Cavennes, and the Pyrenees with Trees, Herbage^ and Bnsh/* Compiled by 
J, a Brown, LL,D. London, 18/6. 
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til 18 8ijtbj<*ct, and ei*peelftlly what has teen done iti Fnitire in nff ' : 
worka of rehm.^mcnt, with r view to prewntmji and flrptsatiog tbi 
coBsequencea and effects of torrootSj and tlio results wHich liaTe folia wed. 



TEIE CRETACEOUS VERTEBEiiTA OF S^^ORTH A31ERICA;* 

THIS volume is atJotHer Tfiliiablo contributbn t^ the Geolo^cal Survey of 
the Tenitorieii, under the direction of Jir, Ilajden ; ftnd» ct*nsidejing^ 
tow much important and ioterestiDg matteTf bolU jreologieol and pnJ^'Boiato- 
loijini!, liR*beiin brought out by the arduous and energetic laboura of tbt» 
Director and \i\% able collabomtora during tbe progress of the surrey, w<r 
cannot but hope and wisli that it may be as suecesafally continued, by 
eceiriogr the Uberal support of the ftovenxment, aa heretofore j not only 

'that the geolopcal nature of the district should be well known in ite imme- 
diate economical bearing, m advancing the interest of the State, but thnt 
by the full publication of the details obtained, European geologists may be 

I enabled to compare the litbolojrical structure and pal«3ontoloj?ical character 
of the American strata with thoije in other nreoa considered to be either 
contemporaneoua or homotfiibus with them, and thus arrire at a more 
enlarged know^ledj^^ of the different physical conditions and th& distribution 
of life which obtajut^d in different part^ of the earth's surface during thd 
time assumed to belong to the same great geological period. In the latter 
direction the memoir on the CretaceouH VertebriitA, bj* Professfir E, D, Cope, 
is very important, for palaeontology Ilea at the very foundation of geological 
science j and, therefore, as a contribution towards the solution of the 
lumerous problems involved in the geological structure of tbe Western 
Temtorie^, as well as the unfolding of tbe ancient life, this work must bo 
considered of the highest rank, and also forms a companion volume to that 
on the Cretaceous Flora by Professor Lesquereux^ alrendy noticed ('^ Pop* 
Scien. Rev/' vol xiv. p» 411). 

Independently of its palEeoiitological value it may be commended m a 
work of art, for it is illustrated by nearly sixl^j well-executed plates, witb 
explanations and descriptions, together with u sjnop^is of the known cre- 
tlioeous vetebrata of North America^ which now amount to 253 species of 

J^irds, reptiles, and fishe?. In this list is included numerous ittmainafrom tlji» 
'Fort Union heda^ or lignite group, considered by Professor Cope to b^ of 
cretaceous age, but which are referred by other authoi-s to the tertiary 
epoch or transition eeries of Ilnjden, from their containing a tertiary flora 
asaociatud willi a cretaceous fauoa, thus inferring— in this area at leftist— ther* 
is 110 real physical break tu the deposition of the aediments between thy 
well-marked cretaceous and tertiary groups. With ri^gard to tbe iisbei ^if 
tbe Niobrara group, it is important and intereatlng t*> ohser?e that nearly all 



*** Report of tbe United Stat»>a f^eological Survey of tbe Tem tori t?*,*' 
F. V, Havden. \^ol. ii* ** The \'ertobrata of the Cretaceous FormaiioDS oC 
the WestV' By E. D. Cope. Washington, 1875, 
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tBe genera have been aJiO oU«wned from the cbalk of Earopei thus pointing 
to tb» »yiichroai&m, aa generallj undeistoad, between the chalk-formations 
of Kaaiiiia ftnd Eairlnnd. Another largely developed Aniericau j^oup 
Ape the reptiles referred by Profesaor Coptj to hb order Ptfthmimmrplm^ 
ioiduding the mososfitiraid forma and tbeir allies^ which according to him 
i^preaeat ao order of reptiles diatiocl fro in noj other, and present chaiuio^ 
imt^ whieli atlj them to both serpents and Lbards, Tbia order of reptiles 
attained a predomiuant importance during the Niohrara epoch of the creta- 
oeons period, as js indicated hj the great profaaiou of individnal remains 
and apeeific forms. Althnug^h occuiring in America, wherever the cretaceous 
formation appears, they are more nuiaerouslj represented in Kansjis thau 
elsewhere. The sens of the AioericaD coDtinent appeared to be the home of 
this order, vrhile they were comparatively rare In those of Europe, for in 
the latter country only four epeciea have been recopi^ed, Geologiats will 
be grateful to Professor Cope for this final but elaborate report on the verte- 
brate fauna of Americ«j shawing that the cretaceous ocean of the Wcat, 
teeming with an abundant and vigorous lifei was no less i^markablo for ita 
^u^^m than for its reptiles. 



ANIMAL PARASITES.* 



1THE elder Van Beneden has paased ao completely out of our recollection 
- that we had imagined the present work was written bj his son, a dis- 
tingukbed follower m hia fathei'a footprints. It is so many years since the 
late Dr, Lankester introduced to our notice io one of the Ha3* Society's 
Toluines the reaearchea of Van Beneden and Kiicbenmeister, that we had 
imagiBed that the Belgian professor had '^ gone the way of all flesh/^ We 
are delighted that our ideas were mistaken onesi, and that tho hrst ex- 
perimenter on the subject of the Entozoa, and the dsmonstrntov of the 
fftct that the cf/itkercifS of pig- becomes converted into tl;e tirnifi mlmm or 
CJ>innion tape-worm of man, has now wntten a book on the subject ui aoitnal 
parasites. There ore very few outride tho scientific world who have any 
idea of the vastness of the subject of animal entozoa. Ther^ is, in point of 
fact, no animal which has not got its parasite. Some* indeed, hare many. So 
that it ia not at all an erroneous statement, that animal parasites are the 
most numerous group of beings in axlitence. It is clear therefore that 
M. Xim Beneden has had a very wide field before him from which to pre* 
pare the book now under notici^. Indeed, we should have thought that it 
would have been too vast a suhjoct for anyone to nttt^mpt the treatment of 
ia a single volume like that before us. However, there are two modes of 
dealing with the subject, the scientific and the popular ; in the one of course 
the writer niuet treat at length j fully and completely, with each animal under 
discussion ; in the other he can pasa in a sketchy manner along the field of hm 
diicoiiiBe, and can touch lightly on the more complex subjectij or enlarge 



• ** Animal Parasites and l^Iegsmates."* Uy P. J. Van Beneden, Professor 
of the University of Louvain^ Correspondent of the Institute of France. 
With S J Illustrations. London ; King vt Co. 1870, 
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on tlinfN? bf^st suited in the public mind. It is tlio ktt^r fii»w wUicb Sfl 
\'iiri netieilen hna tnlteti, ^nd in aur opinion the cboiee Itn^ l>*.*eti n p(irft'Ct«B 
wij*e onp. For it must be reinetiibered tfifit the book k not n sUiclH 
scipiitific <^lle, button tli« contmrVt i^ itTl*^'ti«3ed ffir tbn (imd wlio kaj» j*d45ntt^ 
TH«iti*ft witbout ?icientifie knowledge. Tber^furo tbt* wboli? attk luid tone of 
the prestnt work nre in ndnptAtldn to iho watits of the gi-neml rc^aJrr* If 
there is one defect in M. Van Beneden's nbsorvfttioD** it U tbnt be eeelra in 
eome e&mi to be pleasnnt in etyle at tb» ex^enfd of conciaen©«« of Uofui^»'« 
nnd cbftrness of though L 

In tbe first inslAoce we must take exception to the nuthurs dtvifii]a«i of 
paraaites, which seeuia to ua to be h pt^rfectly artificinl omp, ntid one ton 
T«rhieb, bowevev well it mny look on paper, doeR not hold water ab n pmcticil 
•mode of |3^.tuplDg. Ilt^ divide* oil p/irasitic anirnalj* into Mesmtrntev^ Mtdm^wtt^ 
nnd Pnt'a^ife,^, and the In.^t bo frroupa ns \ihTmtm fre<? dtiriTjg their whote 
lift% parasites fre^ wbilfi young, pfirivsitfs free whi'n old, para^iten that mignito 
and undergo inelmnorphos<it, imd luaUj pttra^tes during their whole HIa, 
Under these several headitigB be auppUes a vast am omit of informatiQay 
occasionally illustrated— -but it mnat be confessed imperfectly — in which ht 
gives an ei(^llcnt and popular account of the singular vagarieV of tbe vanooa 
partimtes. TaUdng of tbe wanderingB of the individuals which insdie up m 
entire cestoid worm, he says that recently II err Leuckart^ in conc^prt with 
I^L Mecznikow, has discovered " transmigTations of worms accoTiipnuli.^ bv 
cimni^ea of sex ; that is to f^ay, tbey have aeen neraatodea, the par^isittis of 
the lungs of the frog, always feinale or hermaphrodite, proditt-o iudividmila 
of ibo two sexes wlxicb do not re^mble their mother, and whosi^ hobittiil 
nbode IS uot within the lunga of tbe frog^ but in damp earth. In othe 
worda, let ui imagine a mother bom a widow, who citnnoi exist without 1 
o^'ai^tatice of otberi, produciog boya and girls able to provide for themselT« 
The mother ia paraiiticat and % iTiparous, her daughters are during tbt* wholi 
or their life free and oviparous/' 

M. Van Beneden might well have given na mom Information on 
subject of the Grctiarince than he bas fumiabed; the paragmphs suppli^ 
being extremely brief and not by any means e;cbaufltive, Ilowover, wi^l 
this and one or two other instanees of neglect, the antbar has perf^^mftd a 
dillicuit task with admimble sMll. He ha^ told u a many wonderful an 
truthful talei*, iind has brought so much humour to bertr on the subject, thd 
ht.* has made many umiaually dull qnestiona sparkle with the wit and mt 
city with which he h&A surrounded tbem* 



FIRST BOOK OF ZOOLOGY^' 



frilERE is in this little wcrk a coniiderable amount of originality txhm 



T 



blted, both in composition and illustrations. The book to«i ia luxuriou^lj 
got up iis to type and paper. With these reumrlis our friendly critiiC 



* "Firpt Hook of Zoology/' 
ntCo. 1870, 



By EL S, Morse, Ph.D. Ikniy S. Kin 
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CHues* TUerti is ftn absence' of plnn in the construction of tbo wot-k. DelRik 
dt of no inrporUnce aru loo mucli Attended to. Withftl tbe bt>ok 13 stvled 
m work OD zorJogy, yet the vertebrnta occupy only about ten or twelve pages* 
Tb#'n there b nn titter absence of finythiiig lilio clasaificrvllon. Finally^ the 
Author » list of works to be referred to shows an utter misconception of the 
nam re of the wants of the «tu<lent. We cannot recommend Uie work to any 
bill tbe dilettante teacher of zoolo^. 



popuLAB natuhal history,* 

OF the two little books that we h&te bafore ns we take that which la 
written by the woman to be the befit, ns it certainly h the moat originaL 
Ind^edt the ** Dwellers in our Gardens " is in many respecta a flever b^ok, 
in which many points in natural hiatory are exceedingly well told in pitby 
lan^ag^^ and withal in a style which is quite commensurate with the intel- 
Ugenea of tbe clnns to which it is addressed* It b specially interesting 
from tbe fact that it possesses as a frontispiece a plate which is apparent! j 
borrowed from tbe ** Curicwities of Entomology/' and which shows us at & 
glatice ©everal remarkable instances of insect disguises. And by insect dia^ 
fHii^ee we mean some of those resemblnncea of animals to plants which aerre 
to preserve the former, by the natural preservation which they afford to 
thc'm from their enemiei*. Many of these curious facts in natural history 
have been indicated by Darwin, Wallace, Belt, Bates, and others^ and in the 
works of few of these distinguished writers are the curious facts of animal 
^igiiisef better illustmted thnn in Sara Wood^a little volume. Her i^eTeral 
diapters are all taken up with the ordinary animal occupants of out country 
gwdfua. But there are little bits here and there that show us the writer's 
observations sa a nuturaliat. This is especially to be seen in the remariia on 
tte spinnerets of the spider, in which the structure of the web and appa- 
tutus for Its manufacture are very fully and intelligently explained. In the 
cbapter which is devoted to the lepidoptera we find a full account of the 
luicroscopic scales of the butterfly, and of the numerously curious forms of 
the cg^ in tbe lepidoplcra* The other chapters on bees, aphides, birds, and 
ftogH are likewise interesting; and, together with tbe charming- coloured 
plate of bird^T birds' eg-g?, moths, and butterflies^ form a volume of pleasant 
and useful material for the young. Indeed, we have never seen a better 
coloured plate than that of the golden-crested wren, which facea p, 107 of 
thi« excellent little work. 

Mr, Houghton's book, which is issued by the same hoiiae aa the above, and 
which is got up in a somewhat similar style as regarda pap«r, print, «nd 
jfluwtvTitiotJ, ia not so original, but is by no means a bad essay on the subject 



• •' The Dweller* in our Gardens : their Lives and Works." By Sara Wood 
London: Groom bridge. 1875. 

*• Sketches of British Insects : a Handbook for Beginners in the Study of 
Entomology;' By the Ilev. W. Houghton, M,A., F.US, London: Groom- 
bridge 1875, 
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Of eouTse ttiere is noihmg new in its pag^^ but the fftcts of eiitomobgy are 
ple&MDtlj put, And the mtraduetion on the unittomj of the anim&k is not 
by any m&ana a bad sketch of insect structure. Aa & book on entomology, 
we think it a yerj eitcellfiiit work to place in the hands of a hvgimier. 



FOOD AND ITS ADULTEKATIONS,* 

TiriTHIN the puBt ten years the subject of adulteration of Ibod hag 
Tf acquired an immense ioaportance, from the fact tbat it has been 
during that time possible to det^t any in^ngement of the law^ and equally 
pofigible to punish — and that most severely — those who have been guilty of 
the act of adulteration* Durinff that period various books on the subject 
of the detection of impurities in food have been published, among the 6n*t of 
which we should certainly place the work oa hygiene of the late Dr. Parkes, 
of Netley. Indeed^ we know of no other writer who tr*^ated generally on the 
aubj ect, with the exception of the author of the present volume, who puh- 
liahed^ eighteen years ago^ a work entitled '* Adulterations Detected in Food 
and Medicine/* Nowj however^ Dr. Ilassall hax again come to our aMigconcCt 
and has brought out a new edition of this e^say ; and he baa so modiBed hia 
original remarks, and has added so largely to the con tent s^ tbat we think be 
ja perfectly justified in iseuing the work under a new title, that of '*Food; 
ita Adulterations and the Methods of their Detection/* To do anything like & 
fair review of this work would be impofisible in anything less than A em^ 
of sheets of matter. And tbat thia is ao wiU be at once evident when 
state tbat it consista of nearly 90O 8vo. pagea of closely-printed matter, Wi 
ah all therefore only touch on some two or three points, after giving ^ 
sketch of the hook^a general plfin. Dr. HasaalVs work is divided among 
fifty different chapters, as followa i — Firstly, wo are treated to some observa- 
tions on the subject of food in regard to ita functions and quantity, and then 
we have a chapter devoted to ^e difierent modes of preserving food« Aflter 
thii oome the following chapters^ In each of which the author deals full* 
with his subject, lowing us the characters of both the normal ai 
adulterated article, and oflera iUustrationa most of which are reHablti 
though in one or two instances tbey are ideal — that is to say, tbat 
Uluatation represents every conceivable form of abnormal variation : wat^^f^ 
tetr eofFeer chicoi^, cocoas sugar, honey, flour^ bread, oatmeal, arro 
eaigo, tapioca, proprietary alimentary preparaticnis, milk, butter, cheei^' 
laid, isinglass, gelatine, unwholesome and diseased meat, potted meatu tuA 
£sh, anchovies, bottled fruits and vegetables, tinned vegetables^ jelliea and 
preaei-ves, mustard, pepper, cayenne, tpicee^ curry-powdera, turmeric, IIq[ui 
rice, annntto, vinegar, pickles, lemon and Ume -juice, sbuccsj aerated 
malt beverages, cider and perry, wine, and, laatly^ spirituous liquors. Tbei 




bei^ 



• *' Food : Its Adulterations and the Methods for their Detection/' Hy 
Arthur Hill Haspsll, M.D,, M.R.C.R^ &c. &e. Illustrated by upwards of 
200 wood engravings. London: Longmans. 1876. 
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Ifter the discus«ion of tbesa a&Teral chapters, comes one on the uteosila used 
m tbe pr&fHumtion and stofage of food^ and on Tarioui metbodji of detection 
of adult^ranta, Thede are followed hj a general tummarj of adultemdoa ; 
md kist, but bj no menns least, comes a chapter ua^ful to both the toedical 
officer of health and the chemical analrst, and that b the Act for the aale of 
Jbod and druga, which was is&aed in 1875. 

Out of this enormous li^ of eubjects It is bard to choose anj, for aU 
ippeor of altaost equal import. Ho weTer, we may select a few, andiist 
of water. This is a form of food which all, whether higrh or low, hare to 
partako of, and it is therefore of the utmost iniportance that we should have 
the Mseana of detecting the presence of impunty. Indeed^ it is the more so 
itQm the fact that it ia now believed to be the medium hj which we taka 
mto our bodies the contagions of cholera, tjphoid fever, and possiblj also 
aciflAtina. We are glad to see^ therefore, that Dr. Hassall has given ampla 
ipaioe to the treatment of this subjeet His remarks cover no less than 77 
pt^&t and deal with every pos«ble question connected with the purity and 
impuritj of almost every conceivabl*^ form of water. From these we 
aelect hia remarks on the question of filtTation, For it is bj the filter alone 
that people generally have auj control over their drinking-wateri and it 
Ia of great importance that attention should be paid to the following 
state menta t — 

** Of courao the powers of sJl filters are limited, and they speedily become 
spodled when too much work ia thrown upon them at one particular time — 
that ia to saji whpn water containing a large quantity of organic mBtter, 
say, six or eight grains per gallon, is rapidly passed through them. In 
this case the requisite time ia not aflbnied for the due action of the 
filters, which become simply clogged j but when water eontainbg only a 
moderate amount of impurity, a^ one grain per gallon^ ia passed through, 
then the action of the better filters, especially thoae containing charcoal, ia 
not only eatisfactory hut continuous." In regard to the mode of cleaning 
filters, which should be done often, contrary to the usual practice of keep- 
ing them in perpetual action fi-om yearns end to year's end, Dr. Hassall quotes 
MS follows from Dr. Parkes' able treatise: "Ererytwo or three months 
(according to the kind of water) four to six ounces of the pharmaeopcBial 
Bolution of potassium permanganate, or twenty to thirty grains of the solid 
permanganate in a qiuirt of diatilled water, and ten drops of strong sulphuric 
add, should be poured through, and subsequently a quarter to half an ounce 
of pure hydrochloric acid in two to four gallons of water. Thia wiU aid the 
action of the permanganate, and assists in dissolving manganic oxide and 
calcium carbonate. Three gallons of distilled or good rain-water should be 
then poured through, and the filter ia fit again for use." We think it a 
pity that Dr* naasall reproduced hia old cuts representing the freflh*water 
animals, aa they convey incorrect ideas at the present time* And we would 
also allude to the objectionable analysis of Messrs. AUaopp's beer^ for 
which Dr, Kaasall has had to offer a public apology. 

Under the head of milk and its adulterations we find some very useful 
practical hints, aa well aa various methods of analysis. But we are not in 
agreement with the author in thinking that sheep^a brains are used in the 
adulteration of milk. Howerer, he ^ves an illustration showing tiie ap- 
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pesmticf of milk which does poaae^ this form of adtillerant. We 
•ajprifled to iiod how freq[ueDtly anclioyiefl are adolteratad ; in fniCt, hon 
Teiy seldom we chs obtain th^ m pure and undetiled. From an examluution 
made bj Br, Hoasall it seems that of tweotj-eight iamplea of aiichoTie^, 
** eeven of the samples condsted eotirelj of Butch fish, I wo consbtiiig of n 
mixture of Butch fiab aod flocboTies, aod that the brine in twenty-thi?ee of 
the soiKiples WR5 cbarged with either hoh Artnmtati or Venetimt rfdJ* The 
list subject to whioh we shiill refer in this notice h Dr^ HaassiFs obs&m- 
Ham on the subject of beer. Of this drink he reocrda the followmg diffarent 
Idnda of adulteranta : water, cane-sugar, Hquorice, burnt suj^ar, gentiart, 
wormwood, quassia, caluniha root — detectable by Mr* Sorby*s spectiosctype— 
chiretta., bitter orange-peel , camomile, picric add^ picrotoxm, nnx tomicaor 
itrychnine^ opium , tobacco, pinger* capsicum, sulphate of irouj and alum. 

The classified list which the author places at the end of the work will be 
found highly uaefii! by the analyst In conclusion, we may eay that we 
regard tbi-g work as in eyery way a most thoroughly sAtisfaetory one, ai^d 
without which the aniilyBt*s library would be most serioualy deficient We 
bftTO only to regret that the author has adopted the system of inducing 
persons to advertiaa their goodi at th^ conclusion of his Tolume. The 
praetiee is somewhat noTel, and smells strongly of the shop. 
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NATUEAL SCIENCE : WHAT IT IS.* 



11/ HEN ve fii«t took up tlds book we e^cckimed, with a feeling sooiewhat 
TT of contempt, *' Here is another Mrs. Somerville I ** But befora We 
had read the first half-dosEen pages we laid it down wilk an espreoiaii of 
admiration of the very wonderful powem of the writer. And our opJnioD 
has increased in intensity as we have gooe on through the work^ till we 
at length baro come to the conclusion that it is a book worthy of beitig 
ranked with Whe well's ** History of the Inductive Scieuces; " iad it la cme 
which should be first placed in the hands of everyone who proposes to 
become a student of Natural Sciences^ and it would he well if it wera 
adopted as a standard Tolume in all our schools over which the School 
Boards have authority. The writer has traced in a most clear style the 
progress of Natural Science — indudiug, of course^ a certain amount at 
Physical Science— from the times of Pythagoras and the other Qm^k 
philosophers, before the Chrietias ^epoch, down through the period of the 
Ptolemy 9 ; then through the time when adence was unknown, mve to thm 
Arabs, who first introduced algebra to the world, to the period of th«-* so- 
called Middle Ages, when it began to be pursued by some few Eiiro|iejyis. 
Beginning then at the sixteen th century, she has giTen us on admirablo 
accotmt of the progress made in that &g&j aod in the s&Tenteenlb tiud 



• <* A Short History of Natural S6ienc#,*and of the Progress of Biseofc^r^ 
from the Time of the Greeks to the Present Bay ; for the Use of Schcols and 
Young Persons." By A. B, Buckley. With Illustrations. Londnii: 
Murray, 1870, 
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llt«eiiUi of the Christian e»u Ke£i oomeA the nineieenUi ceDttirjf t!is 
e^dalJy ackntific ag-t?, and tbi^ occupiea f«T more ih&n one-third of the 
antire Tolume. Of the plan of the book we have Qxily to speak id the moil 
fiiToumUe teroifl. And of the author's style wt^ cannot sf^Ak in t^miA 
which are too warmlj praise worthy. Let oa take a coaple of examples ; 
noe from the ^arlj portion of the book, and another haviog to do more with 
oar own time. And iirst let us see how she explains the well^lfnown 
fxperimeDt of Archimedes when he was di^coTenng^ speciiic grHTitj. It ia 
not an easj point to explain lucidly to one who is totally ignorant of 
•dcnce, yet we think Misa Buckley has been wonderfully successful 
^jeakiDg of Archiudedea^ weli-known excitement and his cry of ** Eumhif 
EtereJia ! "' * she Siiks, *' What bad be found ? Ue had discovered that 
any solid body put into a vessel of watttr iliiipliicea its own bulk of water, 
and therefore, if the sides of the vessel are high enough to prevent it running 
orer, the water will rise to a certain height* He now ^ot one bull of gold 
and aaother of silver, each weighing exactly the same as the crown. Of 
ooime the balls were not the sHme size, because silver ia lighter th»n gold, 
Slid 10 it takes more of it to make the same weight. He first put the gold 
iuto a basin of water, and marked on the side of the vessel the height to 
which the water rose. Next, tjikirijf out the gold^ he put in the silver biiH, 
whichf though it weighed the same, yet, being larger, made the water me 
higher ; and thb height be alao marked. Lastly, he took out the silver 
ball and put in the crown. Now, if the erown had been pure gold the 
water would have risen only up to the mark of the gold ball ; hut it rose 
liigfaeir, and stood between the gold and silver mark, showing that silver 
had been mixed with it, making it more bulky. Tbis was the iii^t attempt 
to TOcaaure the specific graiihj of diiTerent substances." 

We have chosen the above passage as an iUustration of the author*i 
admirably clear and simple style, and of her success in rendering what is not 
the simplest tnatter In the world perfectly intelligible to an average reader. 
And it is the same t^iahion in which she deali with many other and more 
camplcx problems. But w-hnt we most admire about the book is the utter 
absence of the " goody-goody '' tone, which most women and not a few men 
feel it incumbent on them to introduce when attempting to explain any fact 
in sdenee to those whom they conaider to be beneath them in intellectual 
Jmowledg«. 

We shall only select another passage from 5Iisa Buckley's book, though 
had we space we should quote it more abundantly. It is that in winch she 
expbius to her readera^auppoted to bo children^the effects of natural 
selection. Now, this is nat an easy matter even for an adult to expbtin, 
for we doubt not there are many even among our better educated friends 
who would feel themselves utterl}' " at sea *^ if such a question were pro-* 
pofod to them. Hear bow the authoress explains the matter. ^' Mr. Huxley 
tells us that a single plant producing fifty seeds a year won Id j if unchecked^ 



Hf It was^ of course, in reference to the question put to him by the king, 
Wn^ could find out whether the jewellers had, in making- the crown, kept 
Eick some of the gold, and supplied its weight with some other uietal. 
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coTer the wbole globe in Dine jears^ and kaTe no room for other pliuit9> It 
ia dear, thereforej th&t out of tlie«e Dumbers milliozLi muat die joung', ttni 
it is only the most fitted in CTery way tbut cjin Hire and multiply/^ >!>» 
Darwio ** tolls ue that the heartseftfle wid the Dntcb cloTeri two common 
plaBtSj oniy form tbeir seeds when the pollen is carnM from flower to 
flower by inaectSt Ilumble-bces are tbe only inBieGts whioh "rait these 
Bowers ; therefore if the faumble-beea were destroyed In England U^ere 
would be DO beartseftae cr Dutch cloter. Now^ the common ield-mouie 
deetroj« tbe nests of tbe humble-bee ; ao that if there aie many fieM*mioo 
the bees will be rare, «nd therefore the heartai*ase and clover will not flotifi^ 
But again, nenr tbe Tillages tbere are very few fie^ld-mioa, and this ia beeauiS 
tbe catB come oat Into the fielda and eat them; so that where there fti% 
many cats there are few mice and many bee^, and plenty of heartsease md 
Butch clover. Where there are few ctits, on the contrary, the mice floiiri^^h, 
the bees are destroyed, and the plants cease to bear seeds and to multiply.** 
We can quote no further, but we may state that the writer goes on to show 
that tbe scheme may be e-Ttended still more by imagining that certain mice 
are, through tbeJr pecultar od'our, disliked by cata, and thus a new mm 
arises which destroys the beea, and thus deatroys the closer and heartaeaae. 
and then abe ^ous on to consider the possibility of a new race of plant* 
coming into existence through the influence of motha, whkh would by f«i^ 
tili^ing those planta with peculiar drooping petals enable those only to be 
propagated, 

Tbe matter we have taken Crom Miss Buckley *a boak b adequate to pfore 
that not only does she possess the ability to teach, but that she idsf^t baa thd 
knowledge from which to draw her various lessona. And in concluding tl 
veiy imperfect notice of her labours wo must express the hope that, notwith 
standing- Sir J. Lubbock*B recent failure in the House of Commons to modify 
the scheme of ibe School Bo^d, some effort may be made to introduce heg^ 
volume very lai'gely to the educational classes* 
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THE GREAT DIVIDE/ 

f nriE Earl of DunraTen haa given ua a clever sketch of his excursion i 
A the Yellowstone territory iif North America — ^to that portion of ihi 
most majestic ac^enery of the United Statea which has recently been eon-i 
verted into public property by a bill passed in the Senate about four yean 
since. The turm Grml Divide he has choaen becauae he coosidera that th^ 
line of mountains of which this Yellowstone Park (as it ia, we thinks some 
what absurdly styled) forms part, ia a natural division of the continent intd 
two portions, an pastern and a weslenu Ue has thus termed his book ' 
Great Divide,** an expression, we opine, that very few of his readers will ;^ueai] 
theaigniEcanee of* The Earl bas done wisely, in presenting his adventures I 



' « The Great Divide ^ Travels in the TTppctr Vetlowatone in the Summ« 
of 1874" By the Earl of Dunraven, Witli lllustratians by \'aleu!be W«j 
Btomley* London: Cbatto & Wlndua, 187U* 
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the public^ to avoid anything like exaggeration* Indeed, he himtelf atat^ 
tbat he haa met with nothiDg extraordinary in the course of hia exploratioDa. 
Xo tomahawking- or hairhteadth es<!apea from Indiana aits to be Ibund in tbeae 
pag^. Indeed p on the con tin ry^ with two or three exceptiona, the pagea 
if tlie Tolume before ns do not record any thing that might not have oceuifod 
lo « penaoD travelling in the Auatro-Italian TyioL Though^ of coufae, had 
the liarl of Dunraven taken a dilferuut route — which at the time waa blocked| 
^(wing to disputes between the American Govern ment and the Indians— he 
ntjgbt not have had an opportunity of discoursing bo pleaaantly on the 
•abject of the Great Divide. Btill his account ia full of iutereatiiig 
nstterj and in no respect h it so good as iu description of aeenery. The 
«athoir appenra to have a wonderful power of sketching out in words the 
aeenee which paaaed before him. And in no caae ia thia better shown tbaa 
in his graphic description of the wondrouH view obtained from Mount 
Waahboume, the peak par e^rcetience of the Yellow&tone mountains. 
** From it baa been traced out the geography of the country. The main 
divisioni, the great centres of trade, together with the natural features that 
iway the fatea of men and nations, radiate thence ; and by a citizen of the 
United States the apot should be regarded aa aaered ground. Froro it be 
«iii oTerlook the sources of the Yellows too e> the Wind River, and the Mis- 
souri, and of the Snake and Green Rivers, principal tributaries the one of 
the Columbia, the other of the Colorado, These waters How through every 
variety of climate, past the dwellings of savage hordes and civilised nations, 
through thousanda of milea of unbroken solitude, and through the riioat 
populous haunts of mercantile mankind ; now ahaded by the great pine-treos 
of the forest. Again shadowed by tall factory chimneys ; here clean and 
undefiled from the hand of Nature, there turbid and contaminated hy contact 
with man ; and from Mount Washhoiime I believe that the head-waters caa 
be seen of mightier rivers^rivers passing through more populous citiei, 
through the hunting-grounds of more wDd trjbesi, through greater deierls^ 
through countries more rankly fertile, through places more uncivilised and 
afttragej by iceneft stranger and more varied, than can be viewed from any 
other pomt on the surface of this earth," 

The eitgravinp are numerous, but In most instances they lack the interest 
that would have arisen had they represeoted the country rather than the 
explorers themselves. Still they are not without cleverness both of design 
And execution. In same eaaes, too, the author's style is coarse, and we 
had almoEit said ungentlemanly. For instance, in describing the habits of 
A female Indian he observes i *' For his helpmate ia reserved a i*mallpr hut 
more vivacious species of game, in the pursuit and capture of which she 
must take great delight, to judge by the intt*re«t portrayed in this case on 
the countenance of the lady, as with unerring eye and unfaltering Lflnd she 
through the thick tangles of her huahand'e hair h^tly pressed the hounding 
fugitive, or like the relentless blood-houod surely tracked to his lair the 
alow-cmwling and unmentionable one," However^ the defects in the volume 
are small; and though the book can hardly be termed Bcientiilc, still it does 
contain some references to geology and chemistry, and it ia an honest and 
devei account of the author's experiences of men and things. 
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CAEOLINE IlERSCinCL* 

rrilEKE Hie few who have any interest in a^ttonnuty who ml! not bt] 
A deliglitijd to read thifl charQiiiig lif^^ told na it i« tienfly in the wordu ( 
ta AubjecL It hj In fact, almost an autobiograpliy, for tlie f^w r^mAfks tluCj 
Hr& John Herdchel has added do litlle more than mitve to bind the tjuiou 
letters niid itat<:meiit» of CoroliQe Herschel into somethlitg tike a cantintiouf 
recoM. What a wonderful old a^d joung worn no sbe appears to have 1 
and how marvelloualy she was devoted to ber brother Williwm, who ^ 
first mumcian and then astroDomerl She, says Mrs. Ilerscbel, **bad been" 
hia helper and R^f^Hi^tant in the days when he wns a, leading mu^kiait; she 
becaoie hia helper ntid nsaiataot when h€ gave himself up to a^tjionotiiy/* 
We think that Mrs, John Ilerschel has done well to have handed ua down 
the life of her dUtbgniahed ancestor, m well because ht^r subject d&serv^ 
a bioj^aphy aa becnuae that biography ia ftill of intereatmg facta to tb 
lovers of tbe star^p We bad alaioat forfptten to mention that the fronti 
piece ia an excellent portrait of the old lady at the advanced age of mBet|'- 
two* 



AECTIC YACHTING* t 

WITH tbo asaiatance of Dr. W. S. LiveaaVi who baa done the editing tml 
illuatratioa of this work, Mr. Lnmoiit bna given tta an ioatructive 
sketch of hi* five voyagea of aport and discovery in the diatricta of SplU- 
bergen and Nova Zemhla. There ia not much to be said about the natui 
hiatoiy of the book, lave that some ciipUal illustrations are given of th< 
walrus, the bear^ and the reiadaer ; but ns a work of travel the work hi 
many points of interest^ though not of novelty. Still it ia a volume wbii 
from its ill u strati on a alone, which are both nnaierous and gt>od, must bare 
an interest for all, and from its matter, which is told in a graphic manneri 
inuat cfpecially excite those wbo care about adventure. In ^puie ca^s tbe 
author was in extreme danger, and many incidents he Tecorda remind us of 
our brave sailors wbo are nt the pr«»sent moment exploring thij polar regicoia. 
Eeaders who are members of the Royal Geographical 8uviely sbould pui 
chase this volume. 
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* ** Memoir and Correspondence of Caroline IT<*rscU<^L'* By Mm Si 
HeracheL With Portraits. I/oiidon; X Murray , 1870, 

t ** Yachting in the Arctic Seaa ; or, Notes of Five Voyage* of Sport nnd 
BiscoTery in the Nei;xbbourhood of Spitsbergen and Norayn Zetnlva, B| 
J. Lamont, RG.B. Edited and Illustrated by W, IJvesny.'M^D. London s 
Chalto and Wiudus. 1870. 
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THE THREE HEAVENS.* 



rOSE who like their science worked up with a certain amount of Scrip- 
ture references will take an especial delight in tbe work which is 
fotitled the '' Three Heavens/' It is the reprint of a series of essays which 
kave appeared in a periodical termed the ''.Sunday Magazine/* The writer, 
who is a son of the eminent Irish surgeon, Sir P. Crnmpton, has a xery perfect 
knowledge of his subject, and he writes^well and^llustrates his remarks very 
happily. We do not know that we can say^anjthing more in praise of his 
book ; whilst of his many theories in regard to miraculous clouds, moral 
thunderstorms, Scriptural evidence of heaven, and unnatural separation of 
science and religion, we euppose^we^had best leave the reader to form his 
own opinion. 



• « The Three Heavens." Bv the Rev. Josiah Crampton, M.A., Rector 
of Killeaher. London : W. Hunt & Co. 187G. 



202 



SCIENTIFIC SUMMARY. 



ABTEONOMY. 

AWINTEE of such peculiar and coiitmuous obscurity ceuld not 
expected to testify to much astrouomical progress as far as oWrratii 
is coDceraed, From Mr, Gledhills ftnnJysis of tie wenther, recently ci 
raunicated to tlie ** Aitronomieal Register,** it appeftrs that at Mr* Croeileyll 
obaerratory, near Hftlifait, there were 2 very tine, good, 22 fair, and SI 
bad nights duniig the year 1875 ; and matters hate certainly not been in< 
ing since in England, We car only hope that obseirera in other parte 
the world may hai^e been mnre favoured. 

The Sun has continued in a very uadbtnirbed condition, tliough one Urge 
apot^ visible to the naked eye, was reported in February, which mnj b« thi 
precursor of renewed activity. From an ingenious* method of registeiiuj 
isothernials on the snn^s disc by the blackening of tbe double iodide 
copper and mercury, Professor ^fayer has been led to the conclui*lon ibi 
areas of uniform temperature exist on the hxm!^ iiirface, tho pojsitiun 
which ie subject to coutinual variation. Professor Langley thljihs that 
light of the dark nuclei of solar spots equals at least 5,000 times that af 
full moon. 

Vmm. — Thla beautiful phmet haa been gradually increasing in brilliant 
and altitude, and is now in a very good position for ohBerration. On sevei 
oceasions during the present season Mr, Dennett has distinctly traced 
OD her dii^c with a 2|-incb achromatic ; and on Feb, 29 the present writoi 
was able to coutirm their existence with a powerful ailver^d-giaSB reflector 
though they were m faint that they would have escaped any cu: 
examination, and could not have been delineated. It is very desirable tbftl 
more attention should be paid to this body, so conspicuous, so near, and yet 
so little known. 

Tht AfQttfi, — A new and important work on our satellita may be expected 
from Mr. Neison^ who has for eome time paid much attention to sdeno- 
graphy. He has taken very accurate micromelrical measures of tho 
position of 35 points on the lunar surface* with a view to rectify the del 
mination of the equator and first meridian. These include 4 preTiouil; 
measured less correctly by Lohrmann and 4 by Miidler. 

Mara, — Five drawings^ taken in June and Aug, 1875, by Ilolden, witit 
the 26-inch Washington achromatic, power 400, have been presented to tlie 
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Koyftl Astrononiicfll Stxsbty. 8orae amidl whit© projections from tlie S. 
Umbj occMMmaUy men^ were ijot aufficieotlf steady f^^i" deUuenlion* 

Th^ Mutof iHanets. — Since our laat uotlce^ Nd* 157 ba^ been discoyered 
by Borelly^ at Jlorseilles^ Dec, 1, 1876 ; No, 168 by KnonB, At DerliD, Jaa, 
4, 1870 ; No. IGO by Pftul Ileiiry, at Paris, Jai]. 20 ; No. IGO, in Ameries, 
Feb. 2q. Hilda, No. 153^ ij found to bave a very lon^ period of 7 85 years, 
and to approach Jupiter as nearly as O'SOl of the earth's iii^^an distacice from 
the tun. 

Jupiter. — Eleven dxawings, taken with the same telescope and ob^rver as 
thotte of Marsj duHog Junts and July 187a, hare been presented to the 
Hoyal Astronomical Societj*. That bndy has appointed a conisiiittee, coii* 
alatiDg of IlugginS; Knobel, Lord Lind*ay, Luhse, Ranjnrd, LrOtd Iloflse> 
Teirby^ and Webb, to obtain as extensivti a fieriea m po&sible of ob&er%*atioiifl 
and di'awing^ of this planet. A mean of the measures of Strnve at Dorpat 
mid Engelniann at Leipzi<^ give^ lor tbe respective diametera of the satellitefl 
in seconds and English miki ( for Bolur parallax 8'''87*j) L 1"*048 ; 2,436. — 
n.<r'-&H ; 3,115.^111. l"-51;l; ;S,.>15.^IV. 1"*27B ; 2,070. 

A1p7>^ii^ii*,— Professor Neweonib ^inds, witli the Washington Bchromatic, 
Ihe orbit of the satellite sensibly i;ircular j inclination 13P"^7* No trace of 

other satellite. Mass of primary, i.| ^t^- 

C«wM€t.— No new comet appe^^red in 1875 ; but the return of Enckes was 
closely ob^rve*!. Von As ten linds in it an undoubted accelerntion, not dua 
to a resisting medium^ but, as Be^sel thought, to the pheDomeaa of ** out-* 
atreamin?" from the nucleus. Hanyard Lss pointed out the evidence of a 
duples: «tructure in the comet of Cnggin, 1874* With observed, July 8, a 
«<niarkab]e Obtillatory motion in the J'au-shaped jet Schmidt assigns to iti 
nucleus a mean dinmeter of 2fMJ uiiles* 

Dm^h mtii Varuihk Stara^ — Tbo companion of Sii'ius has been repeatedly 
measured at Washin^on since 187^1. — 40 ErifhnL This is an interesting 
and eiugg4."stive group. It is noteworthy in the first place for the large 
propr ujotion of the hicidH, amounting, according to Madler, to - 2^'*18B in 
R.A., and - iTHTO in Dech Then for its physical connection, as proved by 
community of spatial displacement, with a U'5 mag. companion, ivhich 
nevertb el ess has kept its relative position since 1783; then for the binary 
character uf the companion, a pair in undoubted motion: and finally for its 
possible connection with two other siuall aturs in the vicinity* These were 
measured by Wintiecke in 1861 at 75"*S'l and 89 "^46 ; and fresh measures 
during this winter may prove decistvep as those distances, on the suppo- 
totion of mere optical juxtaposition, would be respectively varied to 41- '*1 
and 107- ^-3. — 44 Booik, Dr. Doberck at Mnihree has found the period of 
this star 2Gr 12 jear^, with a semi -ax is major of m''"003, The ^ame computer 
gives re^'pt^ctive periods of 1 -178'iW and 340*1 years to f Aquam^ and 30 
Andrmtmffp. Far 7 Ctmiopette he gives 222 '435 years, with a semi-axi? 
more tl>an twictj n^ grtjnt as that of the orbit of Neptune. Fov the very 
difficult pair 09 Lceytm he finds a period of 107*Ci2 years. — y Curonm AmtmUM 
has, according to Schijtparelli, a period of 55'682 yeai's. Bumbam has 
found that his pair /3 Lcporii is in very rapid motion, 1^"^ per mmunu 
— ^ Casmpem, It appears from Suiyth'e "Cycle'* that there was in his 
time a mag. star jtist 18' Si of ^, of a decided though not deep re^h Thw 
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wfts not observed hy PinzEi, and cnnnot now be found : protHiblj a variiHi 
of lonf< or irpegukr period. — Tiie period of Atffttt ^v^hich had heea diminkliiii| 
KQce 1782, at ftr^t ilowlj, and thyn mort: rapidlj, iifl<?r remaining aUtionar 
for a time, seetua to be bIowIj decrenaiu^ >ig<^iu. There Is a &ii;^pici<in 
variation in its comes^ first di&covered hy Scliruter, Oi^t. 12^ 11 ST^ who tunti 
it sometimes quite invisiWe in the fmest wenther. — A rubj sljir, SciijellerM 
238, near 4 Cnpru-oniif considered b? Sir J, Tlei^ht^l perhftpj* the ltn***t 
tbnt clft^i bos been noticed bj Gore in tht? Punjutib to be varinble by i 
leftst two tnftgnttudeji* — Schmidt findrj the period of Hindis red star U Lrpui 
438 d* 2]0 increase, WS decrea^injr : he suppose* the colour to be diminish 
ing in intensitj (.^"i. This fltwr, the most beautiful of its kind taeible 
EngrUnd, escaped the notice of Sir J. TIerscbel.— Th^^ iUtronomer iJoya 
hai nnnounced that a new star-catalogu© ia in prepamtion, from thrj (Jj^en 
wich observations of eight years. Stellar flpectroecopy ha^ been %'igorous]y 
prosecuted there, especially witb respect to the approach or recession 
fltsrs^ as alleged by Hupgina. The Greenwich observations were at fir 
discordant, but had gtown more conaistent and confirmatory of Ilug^nn&U 
refults; tbe ob^^tacles, however, were extremely great, eBpeci ally from tb^ 
difficulty of obtaining true plane surfaces — The lamented D*Arr4>st pub 
lished in the ** Astroiiomische ^achricbten," a little before his death, a con 
tinuation of hia moat interesting spectroscopic examiniilion of about 1 1,Q 
stars. lie yen fiea Seech i's fourfold classification, and his lant series cottsu 
cbiefly of the third type, which be finds on the whole striliingly accordan 
in cbarncter. The want of nf reement in many cases between ncular an^ 
spectrosccpic eatrmates of colour deserrefl attention. — 77** Plm^deg. Wol^ 
at Paris, has measured 53 stars in this j^oup, and detects 490 withid 
135' X 00' around tj T(turL 3ft*rope and Aiias^ with some of the smaller at 
lie considers decidedly variable, and probably 3/ffiVi, — The singular nebula 
Mei'ope has been watched hy Wolf and Stephan, who consider its varia 
confirmed, aa it was seen by the former in March 1874^ but missed by 
from Nov. 1874 to the end of Feb* 1875* — Tempel givea its dimeu^iion 
35' ^ 20*. (It has been feebly visible during the recent winter.) — The Miri^ 
Kebuh in Ljra has been carefully examined and measured by Holden wit| 
a power of 400 on the 50-inch object-glass of the Waabingtnn observaloryl 
and a drawing aent to the Koyal Astronomical Society, Nothing Dt$« 
seems to have been discovered. Some brighter patches were seen on ihi 
annulur^j but similar ouea had been discovered and found variable b| 
ScbriJter and Harding in 1707 and 1708. A minute star was al^o ^een bf 
Holden, uenr the centre, which had been noticed by Seccbi and t^chuU 
and at one time by ^^on Habn, witb a 20-foot reflect or, in the beginning: oi 
thb ccatuiy, hut was missed hy D' Arrest. Sir W, Herscbel (and Cha-i^ 
coroac) auppoeed the aim u I us resolvable. Loiil Rosse's nebulous wispaJ 
extending outwards in all directions, were not seen at Waabiniirtonp and Ibj 
ends of the minor axis were reversed lu sharpness at the two obserratf^ries 
— 30 B&radiU. Burton, at llodrignez, with 12*in, frikered mirror, found 
some bnt not very essential variation from llerscbel's drawing. lU 
trum was strong and continuoiia, cni^s^jd by a bright line. The nebuli 
round tj Ar^tis he thinks not much changed- i-lJery, at 31 « I bourne, with a 
*^leacoiTe much more difiering from that of Herachef, finds decided and pro- 
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gmnTe eh&nge in both nebuliie, moat reniArkablv in that of ^ Ar^m i the 
«BiIter elftM of jvebulnj «r« bIbo comtAuilf ebnnging from yenr to yenr, 
pifng new life to &ucb observAlioos. The bright jellow line and occAfiionAl 
red lm« seen in Ibe spectmtu of ly Artpis for five or six weeks, four or tiv© 
y^M Ago, Imve never been since seen.— Tit e definition of the Melbourne 
leflector has been wonderfully improved bj better adjuatineot, and it now 
nems Ukelj to answer e^ery eit pec tat ion. — The great Ptiria reflector id of 
tlie Newtonian^ not, as waa atated iu our laat number^ of llie Leniaifeau or 
** front riew *' coaatructlon* 
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BOTAXY ANB VEGETABLE PHYSIOLOGY. 

The Fo:'mai4m ttf Siareh in Chlixrophyll^rainn (in the green parts of 
plants), under the action of light, was made out by Sacba ten or twelve years 
AgOj and bus been confirmed, and the conditions recently studied in various 
wtjs by Famint^iji, Krau;*^ and Godlewaki. It is maintained, snja **Silliman'fl 
American Juunml/' if we rightly understand, that thia starch is directly 
formed from carbonic acid under the action of light, Le. m a primary pro- 
diact of aflsimilation, Btjbm, of Vienna, who contested thia, but whose view 
according to SacKa " haa nbeady been sufficiently refuted,*' baa returned to 
tli6 subject, with new observations and experiment** and now aaserta, upon 
stated, that ** The starch appearing in the seed -I eaves of pi an tie ta of 
radiah and flax, i& not a direct assimilation -product, fomied by tho 
imniediate decomposition of carbonic acid, but a transfonnation-product 
from a reserve of nutriment already present.'* One would aurely expect that 
^e primary product of assimilation of carbonic acid and water would be an 
ganisable plasma from which the starch-gTaiua in question are constituted, 
not an organic structure such aa a starcb-grain U. It is not clear that there ia 
atncli real diffifrence between the two view^s, at leaat between those of Sacba 
and Bohm, For since starch, m the former explains, ia formed and reformed in 
, Tarioua parts of the plant and away from light and from chlorophyll, and in 
^bbe leaf is allowed to be only one of the products of assimilation, Sac ha' 
^Ktsertion that starch in cblorophyll-graina U ''a product of aaaitnilation," and 
^^Bohm's that it is not "a direct asfiimilat ion -prod net," ara by no meana in 
^mecesJ^ary contradiction. Nor ia there apparent reason for supposing that a 
^^■tarcb-graia in s potato-leaf ia diflerently originated from one in a potatO| 
^^^3ccept that the former is constructed of new-formed material. 
F Tht Flanis of Omdnhttps Island. — At fl recent meeting of the Americfta 

Academy of Arts and Sciences, Mr, S, Watson presented a paper on a col- 
lection of plants recently made by Dr. E. Falrner, in Guadaloupe Island, off 
Jjower Califomia* It waa found to contain 119 apeciea, including twenty- 
one belonging to the higher crj-ptogaraic orders, besidea a dozen of probably 
reeent introductiom The number of new species is twenty-two, with two 
new genefa, almost all nearly allied to Califomian species and genera. Of 
those before known, all are Californian* and moat have a wide range through 
that State. The flora of Mexico b scarcely represented, but on the othei* 
band some fresh indications are found of a connection between our weatem 
flora and that of South America. 
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JLjdro&tatw Pf*fi&mre in Vt^getahk CtU^, — In n reociit niHn}>erSfTSiJ 
** Bolanisclie Zeitaug," there ia an nbstracl of n commimkiitioM made Wl 
Profeesor PfelleT to the botnniciil flection of the Association of Oettiflaa I 
Kfttumlists and Pbjraictans, at Graz, 1876, on the subject of the origmJ 
of high hydrostatic preasure in vegetable cells. Thi« pre8£ure» atBountiiigi 
sometime* to aeferal Btmospberes, even wbere there ia ojily alight con-' 
centration of the fluid contents of the cella, led hinip on theoretical 
groundfl, to refer it to the molecular condkion of the primordial utricle, i 
Thifl conclusion wna con finned by experimeut. With coutrjxciion of ibel 
molecular Interspftces feeifltance to £ltratioD increases, ajid likewise U101 
pfesaure which is brought about endoimoticnUy. 

How Itmg do Seetk pieser}>e their VUalU\j f — This qup&lion, which hm 1 
often imswered befaris ^^^ been taken np by 11 err Ho fl maun, who^ In a a^liSfl 
of pftpers in the " Botanische Zeitung," gives bis tiew of the matter, and 
deaeribea experimeuts with liks, a diluvlnl earth found in tbe viilley of the 
Khine. 'When the railroad station Honshetm (at Worraa) wa» built, tb« 
earth was dug away to a depth of twelve ffet, S^me of the tms wa^ tnlcen 
with necessary precaution b^ and securely sealed until the foUuwing^ fiprijig 
(18C35). In May twenty-foui- flower pots were half*filled with mimuiQ^ 
which had been heated in order to dei^troy any ^eeds present, and on tbii^l 
Bubstralum aoiDe of the fti'** was placed, leAriug an avr-^ace above, of two 
incbefl, and each pot wjis covered by a glasa ^i^t whif h had a bit of wood 
under one edga to allow acceea of air. The surface of tbe lim soon bid 
plenty of ferns and moraes^ just like those which are eo abundaut in 
greenhouses. A few phoenogainic pi ants carae up ; four which could 
be determined accurately were supposed to he Vaccimum mt/rtiilus^ a second 
a Chrymttihctnum Lettcant/irmtiju : afterwafda a third came up, a Ga 
and finally an Equmtum. A second series of experiments^ conducted wUlil 
greater care to exclude all wai£p, gave wholly negative results. Somi^ 
moulds, a coat of moss, and a mxgh> graag,^ JWi«^ praUnmi were tbe only 
plajits witbin tbe bell-jaw. 

J7ic Origin if Fmrtf-rtn(fs,~hi ** Grsvillea " for March it is stated tbai an 
a recent commuuication to the Linnean Society Dr. J. 11, Gilbert dmwft 
attention to the fact that, accordiDg to published analyses of Tartous fungi, 
generally from one-fourth to one-third of their dry substance constats of 
nitrogenous matters. In fact, fungi would appear to be among tbe most 
highly mtrogenoua of plants, and to be also very rich in p^itass* Yet tbf 
fungi have developed in ** fairj-ringa ** only on the plots poorest in nilroge 
and potass in such conditions as to be available to most other plants. They] 
flourish strikingly on two plots only, in neither of which cither nitr 
or potass is applied as manure, on which the devdopment oif graaBeii 
extremely restricted, and their limited growth is due to a defldent avallabli 
supply of nitrogen, or of potass, ©r of both, and, where the compledon 
the Leguminosro is also weak, in the absence of a more liberal supply 
potass. The (juestione obriously arise whether the greater prevalence of! 
fungi under such conditions be due to the manuiial conditions themeelTea 
being directly favourable for their gro'wtb, or whether other plants — 
capecially grasses-- growing so ^iuggu^hly under such condition&i the pl&nti 
he lower orders are the better able to oveicome the competition and la. 
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imti themselv^e, Oti thii point the fuiiher questions iirise, whether the 
fmp prevail simply in virtue of the absence of fldveise and Tigoroua <x>ra- 
pctitioii, or whether to a greater or leas extent as parasites, and so at th© 
tifenm of Iha altiggish UDdeigTOtmd growth of the plants in association with 
liem ; or^ Ustly, bare these plante the power of assimilating nitrogen in 
Bome form from the atmosphere, or in some form or condition of difltrihution 
intliin tlie soil not available (nt least when in competitioD) to the plants 
fTOwinfz: in asBodalion with them. 

Germination of the ^ores of " Hemtl^a VmUitnx.^^—Uhe germination of 
this curious fungus has not as yet been observed in Europe ; but Dr, G. H. 
K Thwaites, of Ceylon, has given the results of his experiments on germi- 
lutioiL He says that it is not difficult to induce germination. Mature 
qtotefl remoTed &om a diseased leaf, and laid upon charcoal, kept constantly 
minft, aommence to germinate in a few days. This process consists in the 
w^0m heeonaing somewhat enlarged^ and its contents converted into one or 
mere globoee trinslucent masaes. From each of these a filament is deve* 
lof»ed^ which gi?owB very rapidly, and becomes more or less branched* At 
the termination of some of these branches secondary spores are produced in 
the form of radiating necklace^haped strings of little spherical bodies of 
nnifonn sise, and this form closely resembles the fructification ol an 
AjpcTffiUm* Another observer in Ceylon (Mr, Abbay) has eeen another 
form of secondary spores arranged in simple rowa of spherical bodies — a 
focMl ded. larger than those radiately arranged^ but still exceedingly minute. 
Tlieee inconceivably numerous secondary apores may be easily transported 
by the slightest breath of air from place to place, and from pluntntion to 
plantation^ Messrs. Berkeley and Broome have intimated that this fungus 
stewA to hold an intermediate place between Uredines and Moulds. The 
germination, as well as structure of the species, is thus eeen to be veiy 
unique and intereating.— *^ Greville%" March 1B70. 

" The Garden *' Botmiieul Keiv^aper now issues with each weekly 
number a fuH-page coloured plate of some interesting specimen of plant* W© 
have seen two of the representationsi and can apeak in the highest temas 
of the efforts of the artist* 

Bmimve Power of Leavm.—" Silliman^s American Journal ^ states that 
IL Maquenne, on comparmg the quantity of water evaporated by a cultivated 
aoil dufing vegetation with that furnished by the rain, finds in general an 
exceffi in favour of the former. May not this excess be caused by the dew 
deposition at night on the plants F When the dew i.^ measured by a plu- 
TJomeier the results are much too smalK The leaves condense far more 
tban surrounding bodies^ and their temperature may fall six or eight de- 
grees below the dr, showing that their eniissivo power is much greater 
than that of the metal surfaces of the pluviometer* To determine the emis- 
«ve power of leaves, a Leslie cube was employed \ one of its faces was 
bladcened^ another covered with leaves, and the two surfaces turned suc- 
ee»ive1y to the pile. The temperature of the water did not exceed 4^^ to 
ivdd injuring the leaves. The deflections were measured by a mirror and 
scde, and a twentieth of a degree was easily observed* On trying several 
Idnda of l&Aves it appeared that their emissive power did not differ greatly p 
wu tke iame on both sides^ and had an ftversge value of 94, that of ktnp- 
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hhck beiQg 100. To meft^ra the absorbent power^ a ibcrrmopilo wii«- 

fortiied of a thin sheet of copper riveted to ft steel iptitig. One f*ee 
covered with lampblflck, the otber with the leaf to be exenainad. 
pofling the two stirfa<s*»fl in turn to the rftdialion of a metalHc yftckened 
heated by steam, and waiting until the galvanometer needle rame to r«*i 
the tatio of the deviationi^ gave the absorbent power of the leaf. From thi 
results it appeared that the absorbent power ii ^n^ibly equal to the eminid 
jKiwer^ and consequent!/ the amount of dew depihaited on plants shouid 
determined by pIuTioineten painted black* 

The Fun^iotia of the Stotnata in Plant Jt, — Thia subject baa been roc^ntl; 
mvesdgated by Mr. T. Meeban, who baa presented a paper on it to 
Academy of Sciences of Philadelphia, From tbia it seema that the e 
id«aa as to the functions of those structures are somtwbat erroneous. 
Meehan exhibited a leaf taken from a small tree of A<?er pgrudo-plfitarn 
—the common sycamore maple — which had assumed an invcrte^l poaitioi 
The tree was three years old from seed^ and all the leftves were of that 
character. The youngs leavea first appeared in their normal conditio 
but m tbe petiole lengthened, the leaf blade bent under, so that th 
under aurface waa esrposed to the fall sunlight, and under the petiol 
aboYe* He ajao exhibited a younji^ oak from an acorn sown in 
spring, and which he believed to he Qutfrcttf CaUebiti, and in which 
the leavea were vertical, and not with their surfaces on a plane with tbt 
hoiiion, as is tbe case with all other feeediog^ oaka and American trees. Bd 
said it was possible thia posit mn of tho leaves was not continued with thq 
ificreaaed age of the tree, or it would have been observtid and placed on 
fiecord. Of several hundred young- plants, all bad the same character* The 
facts were simple in themselves^ but bad great interest to the student in 
Tego table phy^ology. The stoniata were nan ally on the under side of tbij 
leaf, and boUeved to be there of a necesaity* Our leading botanical teit' 
%ook taught that stoniata were breathing pores, and could n.n carry on theii 
^easential operations wheu exposed to direct sunlight ; and the ^ama bigl 
sutbority bad suggested that if leaves of this character could be inrertodi 
and foi-ced to remain in this condition, the plant would inevitably 
The maple did not die, hut had bt*en during all its existence as healthj 
others of the same species growing near it, A large number of the 
teacGOUS and myttaceous plants of South Africa and Australia, and of wbiol 
the now famous Euca^t/ptuft ghhulm is a familiar example, bad their leni 
vertical, as in this oak This had been m^^ounted for by the statement that 
these leaves had stoma ta ou both surfaces of the leaf, and the effort of ihe^ 
atomata to face the earth bad of course resulted in an even balance of power, 
in which neither side had any advantage. The ifti>mata ou each aide of the 
leaf had to face the boriion. Supposing this might account for tbe posliUm 
of these oak leaves, they, as well a.^ the maple, had been examined mlci 
scopically by Dr. Hunt, of the Academyj and found t*^ have stoma ta only 
one — ^tba normal tide. He thought it safe to con dude, from theae fac' 
that tbe accepted theories of tha rektion of stomata to light required mmi 
nioditi cation. 

E^ittaordifinnj Ot'owlh of J'ftliimifrui « piratic. — ^Ir. A, W, Benoeti 
' " V,li,Sc., aflks the editor of the ** Journal of Botany " : Can any of 
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t««dori confifm bis observatioD of tbe eitraordinarily mpid growth of tbe 
lowemitiilk of tbb plant? It was first observed in his aq murium nbout 
10 4.M. on July 10| and meftaured 30 inches, this bein;g^ almost certainly 
t4a growth of the previous forty-eight hours- At 10 a.m. on July 20, it 
meftsured 38 inchesr or bad grown 12 inchea in twenty-four boura. At 
i F,M. on the &ame day the leogth was 41 inebes; at 10 a, m. the next 
monting 42^ ; and 10 a.m. on the 22nd, 4^3 inches, its iiltiniate length. 
From the time when first obs^erred — the 10th— till the 31st, when he left 
lunxie, the flower, n female one, remained open without any apparent change, 
not being fertilised during that timej as no male flower made its appeai^ancQ, 
There waa no coiling or uncoiling of the flower-«talk during the whole 
time ; only a slight waviness. Since lie published this statement, obaervA- 
tjoms of a similar character have been made by Mr. W* Beeves, F,RM,&i, 
the Undep-Secretary of the Royal Microacopical Society, and by varioua 
botanists, all showing the very rapid -growing powers of this plnnt. We 
do ncit know whether there h any mah plant in this country. 

Volouat Uedwood Trees: Sequoia sempsrvivens. — R, E. C. 8,, writing 
in the " American Natumliatj" says |tbat, at a recent meeting of the 
California Academy of Sciences, Dr, A. \\\ Saxe made a preliminary 
report on a grove of colossal redwood trees that have been discovered oq 
the couTW of the San LoreDseo, which takes its rise near Saratoga, in 
Santa Clam County, and debouches into the Bay of Monterey, at Santa 
Cmt. The trees are in a forest around the bead-waters of the stream- One 
of them eclipses all that have been discovered on the Pacific Coast. Its 
drcumference as high a* a man can reach, standing and passing a tape line 
aroondi is a few inches less than li30 feet. This is beyond the measure^ 
ment of any of the Seqttoiiu (gifftmlea) in the Calaveras Grove. The height 
la estimated at 160 feet, and a part of the top lying on the ground riven off 
by lightning, or a tornado, is over 100 feet in lengch* The other trees in 
the vicinity are not as hirge, but all are of immenae girth* Dr. Saie pro- 
suaed to get information more in detail from the President of a fiume (P) 
eooEipftiiy in that section. This region has but recently been explored, and 
wliat otber marvels of vegetation it contains remains to be eeea The stumps 
of fed wood trees, of immense proportions, have been reported, from time to 
time, to the Academy, by ezplorefa in the Mt Diable raoge along the hilla 
back of Oaklande ; but now we are likely to have further discoveries of tbes» 
majestic conifers in their glory, Height, diameter, and foliage. 



CHEMISTRY. 

On Barabuh o w^k? Carhohifdrat^.^lUiT Reichardt has prepared from botii 
tbic ibsoe of bsets and of carrots, a new carbohydrate, which, on account of 
its closft resemblance to Scheibler'a arabinic acid, he calls pararnhyn. The 
iijot is rasped, the pulp pressed out, treated with water and alcohol to 
remote eveiytbing soluble, digested for several hours with a one-per-cent 
■ulutioii of hydrochloric acid, heated to boiling, and the liquid strained oflf. 
Akobol throws down a gelatinoos precipitate, which after washing with 
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alcoliol acd drying, forms a friable white powder, swdltng np iti wai 
diaaal^ing od tiia addition of an acid when heated. Alkdi^a predpii 
ngnin^ and it gtires QO sugaf % the octioii of Aulphiinc acid. Its fotm^ 
C J ^ il ^ J O 1 J, It differ! from anibinic acid bj its oeutml reactioa ani 
chemical indifference ; hj its jieldbg no sugar ; tv its iolubility in nel 
aod precipitation bj alkalies instead of the reverse, If^ however, it is ncl 
on for a longr time by an alkali, or if it be warmed in contact with it, it i 
converted into ftmbinic add, QnantitatiTe experiments showed that PS' 
per cent, of the beet pulp was arabinic acid, 54^0 per cent paraiabiij, 
7*5 p«r cent cellulose. 

Mlttfl Akuhvi in Fhtils. — The occurrence of ethyl alcohol in the iinfi 
mented j tiices of plautt is rendered probable by the fiict that theae jiii 
contain not only iiretic add, its oxidation product, but also its bdmoloeii@t|^ 
methylj Hezyl, .ind octyl alcohols, Ilerr Gut7.eit baa made, m Qeuthera 
laboratory, a somewhat extended investigation of thiB subject^ using far fhe 
purpose Ilerncl&iim gigantmrn^ Paslmacn »titim, and AnthriscKs cerrffyliiim. 
8ix and a quarter kilograms of the fruit of the first plant being diatill 
with IS kilograms of water, gave 12 kUograuasof a dbtillivte, from whii 
the oil on the fsurface was separated by meana of a ayplK^o* The residue on 
distillation gave 12 to X 5 grams of volatile Uquids^ which, after recti tica- 
tioD, boiled between 72^ and 77^» and consi.^ted of methyl and ethyl aXcobok, 
the latter couititutingtwo-thirda, By ©xamining the frsiit at varioiia etsgi 
of growth, the author infers that as ripening approaches^ the ethyl compos 
gradually diminieh, being converted into more condensed bodies ^ wbi 
the methyl compounds remoin conatAnt. The other plants mentioaed ga' 
a &imilar result. 

Ciratmstanim which afft^ the CtyitaiiisaiiQn &f Suffar, — M, Dmin hUM 
paper on this subject in the ^^Comptes Rendug/' la the commemal 
analysis of sugars it is not sufficient to determine the mere quanticy of 
pure sugar present It is needful also to know the amount of certain 
foreign bodies which have the power of interfering with the eryataUuft- 
tion of sugar in the process of retinbg. Salts hinder crystallization to tlw 
extent of four or five times their own weight* Glucose has also b^esi 
considered as obstructive to the extent of twice its weight. The author 
finds that crystallizable salts do not interfere with the crystallization of the 
eugar, but that the formation of treacle is due to organic matters and deU* 
quescent £alts present in the juice of the cane and the beet Keverthdi@t% 
the assumptioD that each part of inline matter will hinder the ^;ystalli- 
lation of four parts of sugar, though it is founded on a theoretical 
gives results satisfactory in industrial practice* Glucose, contrary Ut 
usual opioioUf does not interfere with crystallifation. 

A Roytd S0aH^*s Medal to Mr, Crook^s^ KM.S. — We are sure those of oi 
readers who are at all familiar with chemical or physical research will 1 
delighted to hear that a royal medal has been awarded this year to ]\Ir. Wi 
Crookes, RR-S., for his various chemical and physacal researches, more 
cially for his discovery of Thallium, his investigation of its compoun^ls and 
determination of its atorai.^ weight, and for his discover; tf the repulidott 
referable to radiation* Whatever views we may hold na to Mr, Crooked 
dnioua on spiritualistic subjects^ we can have no beaitAtlou in fu^pressnj 
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(Kir extreme gmlii! cation at tlu» mark of nppreciatJQii being shown liim 1^ 
fkt KovaI Society. 

iMection of Bromr^form •>* Cumniercial Urumme. — It i^ eUted tliat in 
litfmi^^ hf meftn* of potn&aimn iodide, n tJohitioD of brotiiioe in water, Ilerr 
fttfm&tui observed tbnt the feault obtoioed whs too low, and that tlie Mi^uid 
^omtmed a peculiar udour reealling lliat of chloToforni, Furtbor investiga'* 
tim fiibowed ibe brfimine to be mixed witH at least 10 per cent of a sub- 
•tuQce iKtUitig between 80^ and 105^, tbe ptincipAl part of which cooaists of 
bromofortu. It is readily detect<?d by the influence it has in lesiiening tbo 
iolubtlity of broroine in wnter at well a» by ita odour^ ^'hi^b is moat readily 
percrived when the bromine ia agitated with a fiolutioa of potassium iodido 
tad the whole decolomed by eodium tliiosulpbate. 

A S^4em Add litid Oxide of Uranium. — ^In a prelimlnaTy notice wbicli 
'Mr, T. Fairley, F.RS.E*. boa ieot to tbe *' Chemical News;' he erpkioa 
fba actidn of hydmgen dioxide on salts of uranium. He says it is remark- 
abl«, aod toke^ place even in presence of much free add. On mLdng 
iollitaooff of oisnic nitrate and hydrogen dioxide, a yellowiab whit*^ predpi- 
Itta iff dbUined, which, when wa^^hed and dried at 100^ C, retaiiis one atom 
«f wattT, and gives numbers agi-eeing well with the einpiricid formula 
XO^Ii^O, Its real formula is no doubt some multiple of tbi$ formula, 
Tkh oxide is, by its decompogition with alkaline hydrates, shown to be a 
«QCipouiid of a higher oxide of uranium, NO3, with uranic oiidej N^Oj* 
Tbedodinm^ potassium, and ammonium B^ta of tbia acidbave been prepared. 
Tim sodium salt is readily obtained in crystals by niixinjr strong solutions of 
manic salt with e:xcee8 of hydrogen dioxide solution (G per cent), and then 
adding strong sodium hydrate solution in <|^uantity sufUcient to dissolve the 
precipitate* If weaker solutions be used, the addition of a little olcoljol 
win separate the sodium salts in crystalline plates- The full analyses of 
the^e compounds be will publisli shortly p By means of hydrogen dioxide 
umTiinm may be separated from all other metab, and in acetic solutions 
eith^ir uranie salt or hydrogen dioxide may be used to titrate ench other 
u_^iii/ potaasium ferrocyaaide as indicator* 



GEOLOGY. 

JloU ImplcmeMs from the Bf%T/mm Camr».—We havo receired a eeriea 
cf Ttfry adfuirable photographs from Mr. N. Whitley, done by himself, o 
apedmen^ of flint weapoos which be allegea are taken from those to be seen 
at Ibe Christy Museum. Of the more than thirty examples in the pboto- 
gtapba there are hardly more than two which strike us m being of human 
workmanship. We haTe carefully examined tbem, and have submitted the 
photographs to the opinion of an eminent geologiit^ who thoroughly agrees 
with as in regardmg tbeee photographs^ witb one or two exceptions, as those 
ot purely natural spednaena of flint. 

OMic Mravhiftpodn, — We learn from the "Geological Magaiino'* that 
Mr. J. F. Walker, M.xi., F.G.S., exhibited at a late meeting of the York- 
shire Naturalbts* Club the following Bp^ciea of Bracbiopoda which occur on 
ibe Continent, but art eearcely known as British species, \U, T^chmtdn 
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hisuffarvinfifaj HMot, and Mh/n* T/tm'nitmni^ Volt?.,, from khe 
CAr<?oua ^--lit of Filey^ Yorkshire coMt ; WftJdhcimut itmhotitUn^ 
fram the K ell way rock of ScHrbomu^h ; Tert^irnhtin EwMi^ t>ppel, imd 
Terehratuln rrnfricosftt Yietonj from the infeHor oolite of ChdtenhAm 
and Trrehratulfi Feinji^ De^., from the iriferltir oolite of DotsetAhiit*, 

Ctirhmifei'oim Cfj^it/e^^^*— Pfofeifur J. W. Dawsou 'srrite^ as futlowg fi 
Montreal to ** Sillinjan*B Amertcnn J ourunl **:— Little atlentmn sef'iua 
jet to Hftve been gtreti to tbe reinriitia of coniferous iv^m found io 
carboniferous Kicks of the United Stfites. In Nova Scx>tift S€veml apecii 
are known, and are Io some extent charflcteriatic of definite boTiKonii. In 
tbo carboniferous mndsito^ieB of tbcf United States aueb renmini^i seem to b« 
frequent ; but I have seen no detailed aucouot of them, nud the onlj well 
cbaracteriKed apecimens which hnve come into my banda are portions of two 
trees from Ohio kindly s(*nt to me by Dr. Newberry, and a very tinely pre- 
served fragment from ftfftzon, GrMndy Co., llliEiois. 13oth of these ahow 
the eharsct eristic structure of DmhKitjhn (Unger), Armwanuijkn of 
Schimper*s recent work, and are closely allied to D* ttmU'tiftrtmn, the 
common ipeciefl of the upper nod middle coal furtnalioos of Xovb Scotia. 
The apeciujen from Illinois is probably idunljcal with that BpeciB*. One of 
thcjse from Ohio presents some peculiarities in the structure of tbe medtilljify 
rays, which may indicate a distinct species. The subject U de.^ervinjt,*' of tiie 
attention of niicroBcopista in the coal districts, as there can be Htlk doubl 
that several interesting species remain to be discovered, ami other kinds of 
structures i as for example the curious Dieit^&^rtfh/t of Winiarasoo, fouBd 
also in Nova Scotia, would very possibly reward patient sUcing' of tritnki 
ebowin^ structure. The Devonian has also treasures of the same kind. In 
the United States it haa already afforded Dndo^i^lmi Ilailt from New York* 
and U. Newf}en'rri from Ohio^ besides the curious Onmxyhn Eriamum, No 
doubt other species remain to he discovered, especially in the Upper and 
Middle Devonian. I'he writer of this note would williof^ly correspond with 
anyone eugnged in such reseapches, as be bas now under examination a 
number of specimens from different parts of J:tritish America, and would be 
glad to have opportunities of comparison with those of tbe United States* 

A Qiiery as to the Bmies of the Nadrosmmm : ChMe^ or l$ch%a T—Ja 
Eeportsjust issued of the Academy of Nat Sdeace» Philadelpbia, it ii $m 
that Prt^fesaor B. Waterhouse Ha w^kins referred to his remarks of last summer 
regarding the position of tbe so-called ckvlclea of Ilddt^auruf. Haring 
drawn a Jigure of the skeleton, he explained the imposaihility of dispooiiag 
of those bones in tlie position of clavicles. A comparison of the 
of Ilmlrosmtnts wntb that of the ostrich was made^ and tbo 
drawn that the ischjalic position assi^njed to tbe bones in queati 
restoration made for tbe Smithsonian Institution was unwarranted 
Cope stated that he had lately obtained a metatarsal bone of Lcslap^f which 
confirmed the views of Frofeesor Hawkins, is eirpieaaed in his featomtiom of 
that animal made during hia engagement at the Central Park, New York 

Nomenchiiurc of (he Drift. — In reference to tJiis subject Mr, G 
Kinnhan has written a letter to tbe '* Geological Magazine,*' is w 
he gives an account of the Irish gravels. He aays that at to tl 
bey have never been system at icaUy examined or daaae 
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^^feat gT»veL*— 1st, utidei- th^ i2p>feet contouMme; 2iid, under the 110- 
feet coiii tour-line ; B.nd iird, under the ;j50-feet contour-lme — all in ore or less 
contiuQing marine ahulls, AUbom^^U ihesa ^rufels wto of distinct ag^es, yet 
the fo«gili! collected from tb<im have been lantped iogelber, Tben older 
than the E^ker gravels (uiider the 350-fdet contour-lme), tbere are grarelfl 
at about the following respective height* — oSO feet, 750 I'eet, and 1,200 feet, 
■ome of which contftin fossils; and althyugb these gravels mafet be muck 
older than th& three groups lirat named, yet their fomU have been all 
dused together* 1 remember bearing" my brother^ the late 1 Jfp Kinahftn, 
remark that the pponp of iomh from the grtivela at BoberniibreetiA (about 
SOO Jleet ) were distinct from the g:roup found in the grftvels at Ilo^th imd 
c«ast to the northward {under 1(X) feet)* In no pbice in Ircdnnd have I 

n grarelfl belonj^n^ to the lirst threa groups (the third being the ao- 
cidled ' middle gravels * ) under normal glacial drifts although I have found 
gravali belonging to nil the others so situated/' 

Scvich FvJ^nit Trrf4i. — Wa learn thnt six trunks of large trees have been 
obtftiiied At Oiiigleilb fjuarry since 1820. The largest, M feet long and 12 
lit 14 feet in ^'irtb, has beeo taken to the British Mu^um, and is to be set 
up erect there, Amilher h nearly -M) feet long, and La^ been removed to 
the Botatjic Gardeaa. The trees were conifers. The surface of each ia 
bttumiDims coal, varying from one-twentieth of an inch iu thicknes.? to two 
mcbe^. The trunks inside of tliU coaly exterior consist of carbonate of 
lime, cATbonnte of magacsjia, carbon ate of iron and free carbon in varying 
proportions* The coaly exterior is attributed, by Sir R* Christiaon, to 
bitumen pnssing to the surface as the deiitractive distillation of the wood 
going on within. 
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Bmiti hi Man mid the Lower Attlmah. — ^In the '^ Proceed in gs of the 
_ ._^ . [Society *' (,No, Wl) appeal's a paper by Prof. Marshall, FJl*i:?., in which 
ibe author tmya : — '* L I dJIre to communicate to the Royal Society the fad 
that I have, by severing the cerebri J hemispheres in certain definite direc- 
tions in man, and also in some of the higher Tcrtebrata^ and by then weigh- 
ing the separated portiotis, not only arrived at some iuterestiDg and important 
results as to the relative size of those portions in diHerent amnials and in 
mat J, but I am ennbled to state that this method, applied to the brtiiDS of 
individuals of dilFerent race, sex, wge, education, and occupation, seems likely 
to furnish a means of investigating individual peculiarities in the human 
cerebrum, I propose shortly to couiniuuicate my results to the Society. 3. 
I have likewi^ made numerous observations on the convolutions of tha 
human brain, with the \iew of explaining their symmetry in certain regions, 
«nd their asymmetry in others. In endeavouring to trace mora particularly 
the causes of the asymmetry of the convolutions which prevails in man, I 
have been led to believe that some, at least, of this is due to the light^hand- 
«dnejis of man. I find, on studying a large number of Jjumun cerebra^ that 
-oilicgft are stronger evidences of euenUtil As^ainmlTyj as distinguished from 
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what I would lerm nottr-e^.^fitmi aeyinmetiT, id iho immediate nelgfilwil! 
liood of the kft figure of Rnlnndo, and nuxttti this part in the right pftrlet 
lobuIe» There are certmn ieeoadAty e^etiti^l nsjaimetncjil ctinditians whicl 
may be pointed out, and befiides tbia xtian^r non-easeiitial and very rariftbL 
ones, Eddence cm be given in support of these propositions from the ex- 
aminations of foetAl braina and thy brains of idioti, the former c( vrhidh 
exhibit a remarkable, ^rtWr/, and Bpecial t*?fidency to d«viationa in symmetry 
in the neighbourhood of the left fisauro of Rolando* 

Chloral a StihjftihtU for Spirif^ tn Presernnff Anatmmmil Sijedmen^.—ThA 
*► PhiladelpbiA Atneriean Time^ ** contains an article by I>r, \\\ W* Ket»n 
upon the anatomicftl^ pathological , and fcurgical uaes of diloral. in wbich he 
recommendfJ thia substance very strongly for the prestirvatiou of object* of 
comparative anatomy and natural history. It m used by injection into the 
blood-reeiaele, or by immer^ion^ and in hiB opinion it is likely to ^uperaedi 
many of the preparations now in use. Its special advantage is thai the' 
colour of the object is preserved perfectly, and all the parts have a natural 
conBiMency, while there is nofthing either poisonous or corTOsive to affeci 
the general health of the experim enter or to injure instruments. F( 
preserving a subject for disaectinn, half a pound of chloral will suftice, i»t aci 
of a dollar or less, A solution for prt?serving specimens of natural histo] 
of ten or twelve grains to the ouitce of water is quite eufflcient, is mudt 
cheaper than alcobolj and the bottles ids tea d of being hermetically i*eal( 
are closed by glaas stoppers, or even ordinary corks. Dr, Keen lifts th 
kept pus from various iubatiuxces, and dbensed growths of Tarious Itinds 
other specimens, for months, and found no cbiinge "whatever in ihdx 
charftcter. Chloral is extremely imt agonistic to fungi and infusoria, a ti 
weak solution of it killing them instantly. The deodorizing as well as 
antiseptic properties of chloral ate equal, in Dr. Keen*e opinion, to those 
any substance now known. 

The Alktihith con'mttml m fkf Acmi\tes.—Bi\ Wright, of Si Mitiy't 
Hospitul, has been investigating this important aubjeet. In a paper raadj 
before the Chemical Society be says thnt the material for thif inrestt< 
gution was furnished by Mr* T* 11. Groves, wh^^repared it in the mana 
described in tlie ^' Year-Book of Pharmacy," 1873 and ISTi, The antbort 
describe ?ieveral ba*es which tliey have isolated from thia mixture, ona 
of which, hiifing the compoi^ition C3ITI^iN<^„* appears to be compam- 
tively inert, whilst another, of the com poai lion C„H^^N(\, has a powerfi 
physiological action* A psetidaconitine, Cj,jIl^^jNr)|p which forms i] 
distinetly crystalline ma-H^e*, wa^i nls^o iibtnined. The Riithors consider that 
aither the roots of the aconites contain ^i^veral alkaloids capfthle of crysl 
Msing or of giving crystalline salts, or else that the alkaloid originall; 
present is readily alterable and gives rise to numerous altered produei 
during the processes of extrflctton and puri (ication. 

Am AmericfiH View of British Jfiivt^*,— The New York '*Grj*phic** telb 
aome very extraordinary faetsll It says that "tlits poUution of rivers 
atopic that tastes the atleDti*'>n of British sanitailana to the Utmost, TEi 
extent of the diflRcully i^ certainly alarmirjy. Nor is it eaiised soluly by Ife^ 
sewaj^e of cities and low^si, b;ui ji- that i^. Tlie nveis iire lined wuh man 
'■^ctoriea of all sorts* chemical works, machine shops, and dvohouiit'*, nil 
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ch poQj their poiaonoua refuser ijjto tbe riTei'a. And so gfeat is the 
ation of the water in some instance's tlmt when rv H^ht was applied to 
of it dippe<l from the river nt Bradford it act u ally burned. A man who 
tecideutally tumbled in to a rive rand a wall owed a mouthful of water died of the 
dkcU. The efflurift that rises from tbe Clyde produces aickneas in aumraet 
time, and the Mersey emitJ aa unbenrable stench. The water of the Bourn© 
is yellow aa ocbre atad thick as glue, and the liOT^ie that drinks it dies. And 
all the rivers are more or less affected in the same way, and the fish that 
sum ¥6 in some of tbe streams are so unwholesotuij that they are unfit for 
food, if not dnngeroug.^' 

ICejfpirfiitim in iFtseUg.^ln a paper recently published (in the " Central- 
Blatt flir Agti, Chem." Heft 0) Herr 0* Butscbli reeorda some experimenta 
which he conducted on the common cockroach (liialta orieni(tiis). From 
tbeee we leam that the liberation of carbonic acid was found to be difeetlj 
Iti&portional to the temperature* 

Vmifiiiom in the Stren^ih of ft Munch. — Professor F, E, Nipher pub- 
lishes ft valuable paper on this subject in *' SUliman*a American Journal/' 
The conclusions drawn by the author are : — 1. After the relation of 
H^be ftrength of a muaele to the dynamical work of exhaustion has been 
|Bctermin«^df the strength at any time will bo most aecorately determined 
^ly mea^ujing- the dynamical worh of exhaustion. Ou days %vben from tmy 
causa the miycles are temporarily weak, tbe strength as determined by the 
djpnmiiometer, and the work of exlmustion with very heavy weijfbts, ii 
lesa. In eitbaiistton with %bter weights, however (5, kgr.)j the exercise of 
the first part of tbe experiment appears to invigorate the muscle^ and tbe 
infiuence of temporary weaknesSj dite to errors in diet, or lack of exercise, 
txr the oppressive atmosphere of the room, ia eliminated. 2» The co- 
efficient of musc'uhir power per square centimeter of section of tbe muscle,, 
is a quantity which varies greatly with difieifeiit rausclesj and with tbe same- 
^Kauscle at dilf^nt times; or, iu other words, the work which a muscle can 
^Befforot depends Bot only upon its sijse but also up an its quality* 
^^B TA* HfHiii rt^idered Lfimnntti btj Phmphui-eUed Ilt/dtof^t^n, — The editors 
Wmi ** Silliman'5 American Journal *' atate tliat l>r. Geo, Maclean, of 
Princeton, in a private communication to them, says :^*' Several jeara 
^^M^Q^ after spending a portion of the dny in experimenting with this gad 
^■pf Ij)^ prepared from phoapborus and solution of potash, on retiring to 
^HM i feund my body quite luminous, from a glow like that of pho^phorusK 
I*i-<#^p0st]re to tbe air* Either Bome of tbe gaa escaping combustion, or the 
product of ltd burning, must have been absorbed iuto the system, and the 
phosphor us afterwards separated at tbe surface have there undergone 
I if«cai«causis. I w^is conscious of no feeling that could be attributed to it, 
mxt was my health apparently in any way affected by it,*' Probohly s repe- 
tition of the; trial would reproduce the reaulU observed by Dr, Maclean, 
which have apparently escaped notice heretofore because unsought* 

Unipotar Bferirie Exdtcmmit of the Nerv$8,— The ** Chemical New%'* 

glYtng an aeeount of a paper lately read before the French Academy^ 

sayi that M, A. Ghavenu states that for every subject whose nerves are 

in ft perfect physiolojrical state there h an electric value — commonly 

I Tery weak, sometimes moderate, but rarely very high — which givea to the 
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two poles tbe sAma degree of activity in the case of unipokr eJtdie«ie»it of i 
the motor afiri-oas bundles. Tbe cantr&ctiona produced by positive mid 
negative excUement with ihk tjplcjil iotensitj- of tbti current ftrw equal, 
both in iragnitude and duration. Below this intensity eqiml currcDts pro- 
duce unequal etTt^cta with tlie two pules, the activity of the negative pok i 
being' more cooaderable* When tetaniaation ie produced by feeble curheiQt-ay 
it h never with tbe positive pule upon tbe nerre. Above tbe typicul viilua 
of the intensity of the current tbe ineq^ufllity Bppear?i in th« oppo&it€ 
direction. 



METALLUBGY, 

SamarHktlfi in Amm-ica. — At a recent meeting of the Academy of Pbiiadel- 
phia, Mr, Joseph Willrox called attention to a mineral »pecimen (»omar&kite)J 
presented by bim, which was found at a locality discovered by biiu recentlj 
among the mountains in Mitchell Co,, North Carolina. Excepting in North 
Carolina, this rare mineral ia only found in the U ml Mountmiis io Aaia."] 
According to Danas ** Mineralogy," the largest specimens found at the latte 
locality are only m large aa bastel-niits ; but Mr. Willcox said he ob tamed 
a specimen in liorth Carolina that weighs moro than twenty pound «w 
was associated with decomposed feldspjir. 

The Association of the Native l^lntiitum of the Uiuh. — A wnter la 
the '* Geologieal Magazine," whom we take to be Professor Morris, aayij 
that M* Daubree, in an interaating paper before the Academy of Science 
has shown that native platinum^ although obtnined abundantly in tL 
alluvial deposits of certain regions of tbe Ural, has been found in a Pen* 
dote (Ulivine) roch, which is more or less altered into aerpeniiiie, nad a^comJ 
panied with dialluge (a ferruginous sablite, according to M. Be^ Cloiseaus)J 
and also with chromiteT which occurs abundantly, uot only in separate grainy 1 
hut also encrusting the grabs of platiomn. Tbe platitinm, which i»her«i 
associated with chromate of iron, appears to he dietinguiabed from ibe plft* 
linum of othdr deposits by tbe btrge proportion of metallic iron with which 
it ia alloyed. It appears that platinum very rich in iton, and eutfowed witJ 
magnetic polarily, h&s not be^n found — at leaat, at present — sare in compaii;^ 
with chromate of iron. 



MICROSCOPY. 

'fhe K€W Pklt/scifpic Jacket Leits promises to have a vrrf gnMll i 
for it certainly CiHtipletely distances the Staubope or CuJnngtoniiil 
and fUtnesa of beld, if not in nsagnifying power. It is certainly tbe Ws|j 
pocket lens that we have ever &eeii, and we have very carefully exiiminc 
and tested it before expreaalng Ibis opinion* It ia a triple achionifttic com J 
bination, in which the chromatic and spherical aberrations are corrected bj 
the central lens of den^e iLiut. Tliis leas is nearly three times m thick as ^ 
the crown-glasa lenses. The interior curves are almost hemispheres. The final 
correction of spherical ubertatioii h made by altmng the thickaesa of th9 
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■ ioQW flint glow Jena- The three lenses are united hj ti Iranppfirent cement 

* Whhh bns a refmctive inde.v corresponding very nearly with the plnsa. Thia 

ptcTenU light being Iiist by reflexion from the surface of the deep eiirveap 

The new lens h manufactured hy the inventor, Mr* J, Browning, the optl- 

c«m» of 111 Minoriesj E*C* 

Diatotjiticea to be Obtamed from CmL^The ** Monthly Microscopical 
Joumal" 8ftya Ihnt the following: method of ohliuning the diutomuce© 
from coal for the mtcroecope b described by Count Caatracane : — *^ The 
course to punue U decided by the tUntj nature of the diatom valvea, 
■od in ordar to ^epftr&te them from the mixture of calcftreoua or organic 
matter with which they are found united, it is usual to put the whole into ft 
gksa teflt-tube with h_v il roc hloric acid, adding chlorate of potash from time to 
time, keeping all slowly dis:*olving hy heat, in order to isolate the aileXj 
deitrojing tht* remainder* But in unhurnt coal it is too difficult to dialodge 
the ciuboEif and the acidd have little etlect upon it. I niuat, however, refer 
to th« c/ilyinatiou I e Netted by grinding up the subatance, and then, collect- 
ing it in a china vessel,' placed upon a stove in a glaaiS tube, Bubjecting the 
whole to the action of the heat, while, at the same time, a slight current of 
oxygen croaaing the tube combined with the carbon in creating acid, Ex-» 
perieiicii has taught me, however, the necessity of conducliug this operation 
at B lower temperature, in order to prevent the alkaUne or earthy baae^ and 
metallic oxides, which may ho amongst the ashe^, from fornnng vitreoua 
eilicatea by melting and mixing with the valvea of the Dintomacea;* It ia 
also well to li?ave the glasa tube, in w^hicli the fusing is going on, uncovered, 
in order to watch its progress. The small residue obtained through this 
proc<!Bs Is to be put into a clean test-tube, adding nitric add and hydro- 
chloric add and caustic potash, aasisted by the hent of a lump, to eliminate 
mj ftlkj^ine or earthy base and every trace of metallic osiides. The last 
oprfntion ovefj it only reniaina to wash rapidly with distilled water the very 
light dust which is left behind, letting it stand for aora© hours to settle, in 
order to be sure of not losing the smallest particle of it in pouring oQ' the 
water* Those who follow this method exactly cannot fail to succeed. The 
object may tJieu be mounted with Canada balsam, or in any other euitabk 
medium ; and steadily and closely watching it, under the nueroscope^ they 
win not be loag before they see some valves of diatoms, entire or broken.'* 

7%€ Leaf frtfjfttitt tif Sftxiftfuja iikkuttfUU^. — The " Monthly Microsco- 
pical Journal" of Jan. ^ys that an addition to our list of carnivorous planta 
b 8U^^ge3t«^d by Mr. J. ('. Druce^ in a letter to the ''Pharmaceutical Jour- 
nal/* in a little early !*pnng tlower found ehietly on the tops of walls, 
MSa,iifraija Iridudtflitv^^ a plant not very distantly allied to the Drosgrfts* 
Mj-* Druco Htntea that when examinfil under the microscope the leavei aro 
mt^ft to be covered witli glands of a similar character, which exude o viscid 
jecpetion, in whitdi he found a uiidge waa entrapped and hdld fast when 
placed on the leaf* Un examiniEig a number of leaves, he found in all of 
them the debriji of ins*?cts which hud apparently periahed in this manner, 

Mi^€ *ff iookimj at a Wtttvh themtyh a BceMa £t/r, — Dr. WhitteU, of 
Adelaide, Australia, has a paper on this subject in the ^* Monthly Micro- 
acopical Jonrnal,'* Marchj iu which he gives the following inatructiona as to 
' inounling the specimen : — Take a watch with a white face, tako . 
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out tL© front gliistij and remove the hour auil nsinut^ h^in*is. i/it5te1 
&ce Df the TTfltch apbce of deftd-Wack paper witb a round window cut iq 
it, so n9 to leave nothing expt>aed but the small circle in which lli 
Land rotiites, Pkc* the watch on the front of the mirror of tho um 
and coudenee the light of a !*troii^'' flanie on the smalt white clrchi that ha 
been left exposed. Reflect this light throtigh the heetle'a eve, preriooslj 
placed on the stage, just in the eamo manner as if the ordinary mirror wefi 
being eojplojred. Bring the eve into focusy and then gTaduall v draw l*w 
the objyc!tive bj menus of the fine adjiiMnient until the iuiagiea of the wati 
band appear* At tii'st these will probnbly he dim, Uut by varying 
inclination of thcs watcli and earefnl mljustmetit of the light the observe 
wiil at length obtwiii a bright and distinct image through each tens of the 
eye. The nearer the watch cnn hn brought to the stage wjthoitt cutting ofiT 
light from the eon denser* the lai'^/i-r will be the image. Any power may be 
used from J to I inch, but 1 pr«ler a j*^tb, with a Xo^ 1* tje-piece. I'nder 
this power the images are suiUclentlj enlarged, and a goad uumher of them 
are included in the lield. The ejf« may be mounted in l>iil^am, hut I thin 
I have obtained better results from one ^wcially prepared and mounted 
glycerine. 

Miamcopicffl Fapen of the Qa^rft^.-^The following is a lint of the cou 
tents of the ^*Moiithlv 3licri>fe0ploAl Journal*' for Jnn.; Feb., and Mar 
18F0 :— 

The Absorptive Glands of Carnivorous l^lsnts. By Alfred W, Beunetl! 
M.A., B*Sc.» F.L,B., Lecturer on Botauy at St. Thomus'a Ifospital^ 
lieprt^duetion in tbe Mushroom Tribe. By Worthingtou G* Btnllb 
F.L.S.^^Avtjidtug the Us© of the Ileliostat iu Mifrtvphologmpbl 
By G. M. Gile^ M.M3LS.— Improved Method of Applying th 
M iero-spectroflcopic Test for Blood-stnina. By Jo.^. G, B\ ' ' 
M.D*j Attending rhyaician to the PresbyterianliospitEil ; Mi ll 

to the Pennsylvania Hospital .^-Remerk a on the Fomiiiinirr,.!, .liil 
eapecial reference ta their Variability of Form, iUu^trateil bv fms' 
Cristellarions. By Pjofessor T, Kupert Jones, l\U,% F.O.S*— The 
President a Address. By IL C, Sorhy, F.R.S., FJ-.S., F.G.S., IZS^ 
&e, — Further Notes on Fnistulia Saxoniea. By Vt\ J. Ilickie, 51, 
St. John's Colle^e^ Cambridge. — On the Characters of Spheriail anJ 
Chromatic Aberration arising from Excentrical IiefiactJi>n, and tliei| 
relatioim to Chromatic Dispersion. By Dr. Boy i*t on-Pi gott, MJ 
F,RR., FX\P.S. - On Stainiug and Mounting Wiiod Sections* ^ 
M. H. Stiles*— On a Mode of "V' iewing the Seconds Hand of a Wat45ir 
tlirough a Beetle'i Eye. By Dr. WhittelL 



piusica 

UtUUmg the Solar ICfif/s.—A tiioth*^d for this purpose liaa been dewml 

before the PVench Academy by 3L At Moiudiot. The atilhor'a appamius i 

composted of three distinct plec<?s— t^ inetaltic nuiTor with a linear fiicuil 

A blackened btjiler, the axis of which coincides with this focut ; a ghm an 

■e, "Which allowi tlie solar rays to reach the boiler, but opposes the 



mi ns soon m they have beea trans formed into heat^mya. The yield of a 
Itr^ solar hi^at-genejfat^ar h greater tliAn that of a small one* I'ho whole 
tppAmtns k arranged bo as to turn I^*^ hourly around an axk^ parallel to the 
ma of the eiirth, and to incline gradually to this axle, according totb© eun's 
^felinaiioo. An ftppariitus of this kind, erected at Toara, gave the fol- 
lowing Tcsulta : — In ordinary fine weather, 20 litres of water at 20^, in- 
tioduced in£o the boiler at S.SO a.m,, produced in forty minutes steam at a 
pMiare of 2 atmospheres, or a heat of 121° cent. This steam rapidly rose 
to the pressure of 5 atmospheres, a limit which it was not safe to exceeds 
About mid-day, with 15 Htrefl of water in the boiler, the steam was raised 
in fifteen minutes from 100** degriaea to 153% a pressure of five atmospheres. 
Hence the author concludes that in hot and sunny climates the suo!s rays 
may be fiuccesi^fully utilised as a source of mechanical ppwer. 

A Moiutrr Bidtenj. — A chloride of silver battery of 3,240 elements has 
b«eft d^5cnl>ed by Mr. Warren De la Rue and Mr. A. W* Miiller. The 
diia'iptioii has appeared in French, but it is thus translated in the 
'♦Chemiewl News**' It is composed on the one part of 1,080 el«ments, 
eiich coiisistiag' of a tube of glas^s 15-23 c* in leng^th, and of 2,160 elements 
formed of glass tubes of li?'75 c* in leiigth only. All the tubes ai^ 1-9 c to 
diameter* and are closed with stoppers of vulcanised india-rubherj perforated 
with a hole near the edge to pr?nnit the introduction of a rod of amal;ramated 
idnc, 0-48 c. in diameter, and 10*43 c. in length for the first 1,080 elements^ 
aod 7*93 c. fi-rr the remainder. At the bottom of each tube powdered chloride 
talker is placed, I4'-10 grms. in weight, compressed strongly with wooden 
rods, a Battened stiver wire having been first introduced to the bottom of 
the tube* The diver wires are covered in theii* upper part, above the 
ebloride of silver, and up to the point where they emerjre from the vul- 
canised stopper, with leaf gutta-percha to isolate them and preserve them 
fSfom the acti*m of the sulphur in the stoppers. The electromotor force of 
this battery is to that of n Diinieirs battery as 1-03 to 1, 

A Ki^vd and Vaeful Funn uf Banxeit Sttnter has been described in the 
'* Chemical News,"* by President ilenry Morton, FbJ).* of New Jersey, 
in the following terms :^** The retreut of a burner will evidently occur 
whenever any part of the ascetiding column of mixed gas and air is moving 
at the orifice with a velocity Ic-^s than that at which the eatno will burn 
downwards. Xow, in an ordinary hurnerp T^ith its main tube of regular 
cylindrical bore, it is evident that the ffietion of the gurfiW-o of the ascending 
column of mixed ga^Gs will mum that portion to move at a less velocity 
than thft central part, and that currents of the nature of eddies will be 
developed. It will thus happen that while the centrd portion of the 
aaceoding column of gaseous mixture Issues at a velocity much greater than 
that at which the material can bum downwards, and thus is quite free from 
any danger of retreating^ the marginal portions of the column or jet of gas 
will be e&c aping at a rate so much less that the velocity of their combustion 
downwards will exceed that of their upward motion, and retreat of th^ 
flame will ensue. It is well known that to secure a jet of water^ or of any 
other fluid whose particles shall move with equal velocities in all parts, and 
thm avoid currents and eddies, it is only neces^ry to make the orifice of 
«fiiix aa aperture in a thin wall. Following; out the idea above indicated^ I 
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mltent mr cunsm all nctivity to cease (caoipbor, ricetic ftcidj essentiRl qiYb, 
te,)* Ab to 1J»6 tiret cause of the motion^ it ia found ia the reciprocal action 
rf two fltiid fitiriaofs. It may be a pbenomeDon of eitpilkritjj or of the 
ffQperficiAl tension of tbe liquids. 

Elrfiro-CmitimtihiUhi of PffriUj,—^L IL Puifet, in the " Coniptes Rendiii," 
contends that the conductibility of iron pyrites 13 a trtie metallic conduo- 
tilnlitT, Terr variable according to tlxe physical structure of the epeclmenp 
Imt which f in a given crystal, is affected neither by the direction , nor the 
wXmi^ty, not the duration of the current, 

(hmmmt ami Mmjtiffi^ Iron in the Aimo^p/terf. — It is alleg^ed by M. Q. 
Titsandiet, who, aa our readers are nworeT 21? au eminent ballooni&t, that^in 
tpedmens of atmospheric dust eJtaniined by him he baa discovered minute 
pmklea of ma^etic iron ore, \vhich he belie ve« to be of cosmic origin, 

Jnjitience of Forest g on the QHtmiity &f Mmtt. —Tha ** Oheraical News " 
aayi that the absolute quantity of moietuTe 10 the atmosphere appeaii to 
differ little at any Beauon of the year m open grounds, jmd in forests. The 
n^Iatire moiflture is, however^ p*eater in forests ^ the difference beinjf greatest 
in summer, and increasing with the elevation of the place above the sea-level. 
According to Eberraayer's view, forej^ta increase the amount of rain only 
by their action upon the relative moisture of the atmospliere. 

^fedroscopin Meaciion^ of Hffrmoghhin and its DerimfiicA, — ]VL C. Husson 
girea the following- observations^ according to a notice in the *^ Chemic^ 
News/'^Iiemogltjhin, on absorbing iodine, splits up into hjematin and glo- 
bulin. This fact is proved by the spectral annlysi!*, wbtch gives between C 
and D the absorption ray of hie matin, which does not seem to be affected by 
the iodine. Chautard has already shown that this element has no influence 
upon the riiys of chlorophyll The microscope also indicates the splitting up 
of bsemoglobin. With bromide of potassium we obtain erystah of hydro- 
bromate of li as matin, of a rosy tint. On treating blood with bora^x and 
glacial noetic acid, we obtain all the crystals described by MM. Robin 
and Verdeil in their <* Traite de Chimie Anatomique " under the name of 
hetnatoidin. Gbicial ace tie acid alone giveSj without the aid of any other 
leagentj Bne crystals of acetate of hemine. 
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ZOOLOGY AND COMPAKATIVE ANATOMY. 

^ffeH of Sttyf'hnia mi ^MifSft.-^An intcreating paper, describing 
development of Medusa?, and the effi^ct on tliem of certain poisons, is ^?eii | 
by Mr. ih J, Romanes, RL.S., in the Frooeedings of the Royal Society 
(No. 105). lie states that strychnia everts a T^ry marked influence upon 
Medusae. '* Of the species I have met with Cymimt cnpilhtn is the meet 
tuitabk for showinjj the effects of this poisoo, from the fact that, in water 
kept at a constant temperature, the normal pulsations of this animal ore a^ 
regular aa art? those of a heart* Shortly after a solution of atrj^chnia has 
been aided to the water in whicli a specimen of C capilJatu m contflined^ 
unmistakable signs of irregularity in the pulsation of the animal supervene. 
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Thh irrfguliJity thea increoiea mot^ tmd more, until lit laj^t it gtowi l.i < 
well-marked convuliiona. The convukiona manifest Uietiifehvt^ in liit- i [ ;i 
of exteeine deviations from the fhfihinical character of the normnJ oonunc* 
tioDd, fiaiQiiDtiDgT in fact, to notbiog kse thjui tonic fipn^ins. It in fitrthtif 
of importance to remark that the conruUioos are rery phiialj of n paroxy^ 
mal nature—prolonged periods of uaintemipted conrnkiona being every uovr 
and then relieved bj shorter periods of repoae, duHog which Lh@ Medusa 
remaina perfectly motionkes in a fully ejtpaQded form. C cttpHiatti will live 
for manj houra when under the influence of stn-chuin, hut eventually dtjath 
supervanea* The animal aies in full dinstolu.*' 

The Amlopment uf fha Mini la thus aumnied up by Mr. A. S> Packar*!, 
Junr*, in the ** American NatnraliBt": — 1, Pjmlal se^cmeDtatioo of the j^AV,. 
% The embryo develops much a« in the bony fishea until the emhn..iLal 
m^mhrauea appear. 3. Formation of on amnion, 4, After the alimentftry 
canal is sketched out, the aliantois buds out from it, 5. The avian featorca 
appear from the sixth to the tenth day, 0. The embryo leares the i&^^ in 
the form of the adult, and like the rt^ptile, u at once active, feeding itd^ljf. 

Mow are th^ C^iameieoH^i Chmtgis uf Cuknti' produced f — A very interealin^ 
pnpfsr on this subject b that of the He v. S, Lockwood^ in the '* Ame£-Ie4m 
Naturalifit'' for January 1876* lie gives the following admirable iHuslre* 
tion of the changes of colour. He says: — Suppoising Uirough a fheeti>f 
block tin many thousands of little pipes were made just to enter. L<?t them, 
' Fyou will, be regarded as infinitely smalL Call tbb smw A. Now ^nppakse 
aether ieriea in all reap^cts sicnilar aad lixi^d in like maoner. Call thii 
eedes B* It must bo uudei^tood that the pipes of on& serlDs alternate with 
those of the other series, so that it shall be first a pipe of A, then a pipe of 
B, and so on in regular order for both aeries. Suppose again thai th 
pipes contain green pigment, and the B pipes contain yellow* \Vi« 
further imagine that each pipe aeries has a aeries of musalej} which can 
upon them. Now laid over the mouths of all these pigment tubt»tt let 
suppose a traualucent film. Our perforated block tin and its translnccai? 
^I»aid| with the mouths of the colour-tuhea opening between them, »haU 
fepraient the rek nmcosumf or coloured layer of the akin* Suppose now Uia 
appropriflte muscles sq^ueese the lower enda of the A series of pigment-tuheB| 
the pigment at once comes up against the almost transparent skin, Ibi 
colour of which is now blue. Let the muscled relas and the pigmei 
descends into the tubes again. Let the same process occur with the B aei 
of tubes, and the result will he that the akin shows a jeUow coloun Ni 
waiting for the yellow pigment to return into the tubes, let the A &mm 
again squeezed, and up comes the blue pigment againtt the translm 
apread. Now everybody knows that a green colour is easily mad© by a 
mixture of yellow and blue. Suppose the little itpota where the blue tonclioi 
under tJi# translucent film to he so small aa to be called mokculas^ and 
suppose the same of the apota where the yellow pigment touches, and you 
have fill the conditions necessarj* for begetting green. It is abo iaaily 
imagined how by regulating the amount of muacnlar prtMiu^ tku propor-^^ 
tions of the sepamte pigments le regulated, and m tba moat ddiCAte 
ore produced. 
Ditjtsiim in Itmeti*~X contemporary atatei that M, Plateau finda 
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"viieti the saliraiy glfinda of iDSecta are not direrted from tUefr pHmitivft 
function to become ailk or poison glaada, thej eecrete n iieutml or alknlina 
liquid, possessing, at least as regards oes pair, the property chftracteriidc of 
the anliva of vertebrate animals of rapidly trarssforming starch niattem into 
eolnble and asarmilftblfl glycoee. The cbnng© is effected in a posterior 
dilation of tlie cesophngua* At this place resulta in the camiTorous insects 
a tTansformation of album inoua matters into Boluble substancea like peptone, 
and in vegetable- feeding species an abundant production of sugar imt of the 
fltofcby matter eaten. When digestion has taken place in the ce^ophngus, it 
is submitted to an energetic pressure in the gizzard or proventriculuej which 
is armed with teeth. It thus seems that this ia not an apparatus for crush- 
ing the food, but for expressing the liquid from the food triturated by the 
jaws. In the stomachy or middle intestine, as Plateau call^ it, the food is 
again Bnhmitted to the action of an alkaline or ueutrnl liquid Becreted by 
local glands, present in the Orthoptera, or by a great number of small 
glandulRT Cffica as in many beetles, or by a simple lining of epithelial cells. 
This fluid has no analogy with the gastric fluid of vertebrate animals. Its 
fttoction ditTers according to the group to which the insect belongs. In the 
camivoroui* beetles it malies an emuI^io^l of the greasy matters; in the 
Ilydrophilid beetles it continues the conversion of starch into glycose, begun 
in the tjeaophagns. In the caterpillara of the butterllies and motha it 
determines a production of gljcoae and makes an emukion of greasy mattera, 
and in the grasshoppers no sugar is formed in the intestinej as this material 
is produced and absorbed in the cesophagua 

The Corah *if the Otilitiyagm Zdnmh have been iavestigated by Count 
PouTlales, who has published the folio wing account (** Sillimtm's American 
Journal '*) :--The Galapagos Fslanda are, as is well known, an important 
point in the geographical distribution of corals, being almost exactly on 
the boundary of the coral-producing purt of the Pacific Ocean, and that 
pOTtion which ia destitute of them on account of the low temp:!rature of 
the water. All the writers on the subject have placed this group of islanda 
la this latter portion* During the visit of the United States Coast Survey 
steamer HmMkr^ a number of ipecimens of corals, of which the following ia 
the list, were picked up on the beaches of several of the islands x-^UIttn^a 
Bradlq/i, Verrill, Indefatigable Island ; Pavotiia gigantpHy VerriJI, Jamee 
Island ; Favonia climsHi VerrUl, Indefatigable Island ; Pa tomtit sp,, Jamea 
Island ; Aftrftpminmia Ptdersenii, Verril ; IhciUipora vapitatir, Verrillj Jervis 
and Charles Inlands j r&riieSf sp. The undetermined Pavrnta is a massive 
speciei with larger calicles than those of the two other ones, and mor© 
porous and lighter. The specimen la too much rollud fur nearer determina- 

in. The Pontes is massive also, and in the same condition* The species 
all, or nearly all, identical with those found at Panama* They are 
moitly reef-build era, but here live probably isolated and at a certain depth, 
having never been observed in sku. In individual growth they are fully 
equal to those firom more favoured locaUtes^ the rolled pieces of I*avottm mea- 
suring §ix or seven inches ia diameter, thus indicating massea of considemble 
fliie originally. They are not confined to the northerumoat lilanda of the 
group, where we should more naturally look for them, from the greater 
pfommity to the warm current | but, as the list shows, ft FbdUipora was found 
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at Cbarles I^knd, one of Ih^ iontliemiiiost. The pmbubilitj of fnpiid^B^ tm 

driftin;^ fmiii o»e ifilond to the rttbei' ii r&tj BTnaU^ owin^ to ihi^ otiti»id^ni.^l=»}e 
depth of water belweon them. 

Tlte Det^hpnifnt f^f tht AiSvidinn like thai of a IWirhfuff Aninud, ^Oiits 
the best nccmmtsi of the development of jiscitlia tljwt we hnv^ a^vu ml 
Engbsh h Ibftt in the *' American Naturali^tt/' by 31 r. A, S. PacIcju^ 
Jutir. Mr. Frtckiird eays— lifter going into llie subject al kugtb, and 
with the flid of Tftrious woodcut*— it will Iw? (a^u that some higliJjr 
important JeAlun-ftt reL-alliiig vertebrnte cbflrttftiTbticsi have oc4*nrrtd At 
dittevcDt periodic in the life of the embryo aacidiiin. Kowalewikv r^marlw 
that *' the first indication of the germ, tbe direct pas.3*ige of the aegmectJi- 
tioa cells into the celU of the embiyo, tb« foinmiion of the eegmentatida 
cavity, the cciiivej>inn of this cavity into tb«s body cavity, md 
the fonnatioa of the digestive cuvjty througU iuvaginatiofii— these 
are all ocenrrenee^ which are common to mnnj amuiab^ and haTe he«i 
ohaerved in Ampbioxus^ Sa^tta, Phoroixii, Echinun, &c. The firit pokt of 
difTtireDce hom other animals m the development of all rertebrates t« seta 
in the formation of the dorsal ridf^es and their cloisiog to form a stsrvH- 
canal. This mode of formation of tbe tiervous system is chameteristic of 
the vertebrftte& nlotie, except the n^ctdians. Another priuiary cltamcler 
allying the ascidians to the vertebrates, ii the presence of i% fhorda dorm^t 
first seen in the afluU Appcndicularia by J, Miiller* This orv^m is fej^nrd^ 
by KowHlewaky to be functionally, tm well as jireneticaily^ identical with that 
of Ampbioxui* Tbifl wa,« a atart!ing coudnijionj and stimulated ProfeiftOf 
Kupffer of Kiel to study the embryology of the a^icidiaim anew. He did 
aOj and the restilts this eart^fnl observer obtained led him to fuUy endam 
tbe conclusions reached by Kowalew&ky, particularly those regarding tbe 
unexpected relations of the ascidians to tbe vertebrates, and it would appear 
from tbe frtets *et forth by these enainent obfiervers, as well as Metacbnikofi 
Ganln, Usaow and others, that the vertebratea have probably deacended 
from some type of worm resembling larval ascidians more perhaps than auy 
other vermin type^ though it ia to be remembered that certain tailed larvd 
Dbtomie appenr to po^iesa an or^^n resembling a chorda dor6aU»f and 
farther investigation on other types of worms may lead to di^coT^ei 
throwing more light on thia intricate subject of the ancestry of the 
Tertebrates. At any rate, it is among the lower worms, if anywhere, thai 
we are to look for the ancestors of the vertebrates, as the CcelentetmteiV 
BchinodenuB, the Molluaka, Cnutacaa and Insects, are too circumacrib^d 
and specialized groups to atiford any but characters of analogy rather thizi 
affinity* 

The Eiidy Stttffsi af the Antm-te^n I/i^tUr, — Mr. S. L Smithy whoae paper 
on this aubject appeared in abstract in a number of *' Sillimnn a American 
Journal " (1S72), has now published the eesay in full, aceompanied by a eeri^ 
of plates, and has been good enough to forward us a copy. Ilis paper is of 
considerable length, yet, from the circumstance that be was unable to study 
the different forms in their living state, none of the internal aimtomy i* 
given. Nevertbeleag, the memoir ia of valuft and will repay perusal, 
idUiongh It extends over loo much space to render an abii tract pt>88ible. We 
may observe that the terms employed are those which are used by MUni^ 
Edward^^ Latin being subatVtuted fot Fiench. 
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WHAT ARE BATS? 

Br St. GEORGE MIVART, Ph.D., F.R.a 
[FLATE CXXXVL] 



THE group of animals called " Bats" is one full of interest to 
those specially occupied with the study of animal struc- 
ture — the anat-umist, the physiologist, and the philosophical 
zoologist. At the same time it must be confessed that bate are 
fer from exciting that general interest which in fact they merit. 
Thin disregard, however, is very natural. The »raall size of the 
hats inhabiting this and other parts of the temperate regions of 
the glol>e conspires with their nocturnal habits to remo\o them 
from general observation, while the great similarity one to 
another of their different species is an obstacle to their popu- 
larity even amongst, zoologists— since it makes their discrimina- 
tion and classification a matter of difficulty ► 

Yet bats are^ as I hope we shall see, really very interesting 
animals. The bat exhibits to us the body of a Wat, specially 
modified to Hve the life of a bird, and at the same time serves 
to give u^ a fair conception of certain ancient reptilian formsi, 
the remains of which are found deeply buried in deposits made 
untold ages ago — in the secondary rocks. 

But what is a bat? Probably not one of my readers would 
be likely, if called upon to answer, to tall into the old error of 
considering it a kind of bird I 

All who have ever examined a bat closely, and observed its 
fur, ears, and teeth, must, I think, have recognised it as a kind 
of beast* Us real affinities, however, serve excellently well to 
demonstrate how little mere external aspect can Vms trusted as 
a guide to fimdamental relationship. The hat is essentially an 
animal of the air — all its structure is modified fi^r flight, and it 
mrely descemls to the siuface of the grtiund. The 7?io/€,on tlir 
cootraiy, is essentiallj an animal of the earth — all its structure* 
is modified for burrowing, and it rarely asccnfh to the smfact* 
of the ground. The contrast could hardly be more complete, 
and vet the bat and the mole are cousins^the mole, the hedge- 
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hog, and tbe shrew mrittse beloDgin^ to a group v* villi 

rwhich the \mts shuw im iiK-ousiderable affinity, 

I have spokeo uf the opinian that the bat h a kiinl i>f hinl 
Thi8 view ^eemis to have been entertained by the Jews, and t.lic 
** bird of darkness " is placed in Deut. xiv,, v. 18 amongst the 
unclean ones forbidden as food : — 

*^ And the stork and the heron after her kind* and the lajh 
wing and the bat,*' 

Arifitotle, though he placed the bats amongst flying animal*, 
and therefore amongst birds, distinctly recognised the dittVreDee* 
in their organisation, and the game thing may be affirmed of 
Pliuy. Hut in spite of this, and althougli Albertua Miigniistin 
the Middle Ages, was fully acquatuted with the true nature of 
batdj aa Ijeasts, as well as with their winter torpidity, we fiud 
later on a retrogression of opinion. 

Thus Belon, in 1557, in his Histoire ih la Katnre d 
Oyseau^^ includes bats with his birds. At the same time, 
was not unacquainted with the mode of their reproduction,! 
the fallowing verse proves : — 

La Boiirii clmuT© est un ois^im de nmct 
Qui pdat no pond ; aim sea petlU eufiiat^, 
I.fe«queli du laict de m» tell as )^u^tAntt?| 
En petit corps grntide vertu reluit. 

Yet later — ^by nearly a century— in 1645, AldrovaiiSiii 
decided that bats were rather birds th:iu bf*a<!t^^, and this inj 
spite of bis careful study of them, as pmA ed by bis l>egiDmDg 
to distinguish their different kinds one from another- 

Some twenty-five yeara later, Ray gave them their true posi^ 
tion amongst quadrupeds — a position which they have eve 
since retained. 

The Teutonic mind seems early to have appreciated the tnifl 
nature of bats, as we may judge from the German 
Flfidei'ifiiauB^ and the old English term, ^t^m^moii^^- 

Let us look a little closely at our subject of to-dav — thfl 
bat* 

In the first place, there is a little rounded body, covered witllj 
soft fur, which is indeed, what 8haksjx-are calls it, ** wgol,*^ 
when giving the ingredients of the caiddron of MacbetVi 
witches. 

There is a small head, little eyes, large ears^ a tail^ and twotJ 
pairs of limbs of very unequal sixe. The hind pa^ir (th^l 
legtii} are of moderate lengtli and singulnrly disposed, so tliat^ 
the kneps are turned almost l>ackwards, like oiu* elb^>w3, 

Each leg terminates in a foot, furnislied with five toes^ each 
with a long, curved claw, all of about the same length. The 
f.oes are not webbed, like those of a duck, but are free. 
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The other pair of limbs (the arms and hands) are of exeeetl- 
ing length* Both the arm and forearm are long— ^?spGci ally 
the latter — ^bat it ia the lingers which are m woncierfullj drawn 
out, and they are webbed j like the toes of a water-fowL More* 
OTer, the web not only connects these lonj^ fingers together, but 
also connects them with the aides of the body and with the legs 
(a« far as the ankle ); and does not stop even here, but continues 
on to the tail, thus conneeting it with the two legs. 

This large web or roembranous expansion has two names. 
The part belonging to the hand and joining the sides of the 
body (whicb is supported by the titigers as an umbrella by its 
rods) is termed the cdar iffiembrauB, The part connecting the 
legs with the tail is called the interfemoral membrane-* 

Looking more closely, howeverj we find that though the four 
fingers of each hand are thus bound together, the thumb is free, 
standing out at a wide angle, and furnished with a very long 
and strong, booked claw. Of the four fingers, it is only the first 
whicb is clawed. 

The uses made by the bat of its sinorularly-formed limbs are, 
of course, in esact con-espondence with their structure* The 
fore-limbs are true organs of flight; the hind-limbs and tail 
have a rudder4ike action. Besides flight (their predominant 
mnde of motion), bats can crawl upon the suiface of the earth 
witb an awkward, shuffling gait. When so crawling, the wings 
are closed (the long fingers then lying side by side) and the 
animal rest^ on its wrists and hind- feet, tlie body bein^ dragged 
forward by the help of the strong, hooked thumb nails, which 
also help it to climb with ease up any rough surface, even though 
perpendicular* 

\M\en at rest, bats usually bang suspended, head downwards, 
by the claws of their feet, though oecasionalty they turn round 
and hang from the claws of their tbumbs, 

Most nocturnal beasts have large eyes, but most bats hare 
very small ones. 

This is perhaps due to the fact that bats in their flight are 
guided by an extraordinarily delicate 
sense of touch — ^so delicate as to seem 
almost like a sixth sense. 

The external ear of most bats 
appears at first to be double^a 
^ery small one seeming to stand up 
inside* the larger one. This appear- 
ance* hc^wever, is due merely to the 
very large development of a little 
piece which in ourselves projects backwards as a small rounded 
process guarding externally the opening of om eir, and called 
the traguif. 
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The food of our English Imts consists of ing^cts, and tb 
teeth bristle with wharp poiots, well suited to pierce the eljitiooi 
oaaeg by which the bodies of insects are protected. 

The stomach (like tlmt of mo^ beasts which live upon 
purely animal diet) is a simple, short and rounded bag* 

The female is provided with a pair of milk glands, situatei 
on the breast — as in the ap**s and in man* 

The skeleton of the bat, when compared with those of som 
other animalg, affords an excellent example of how fimdament 
uniformity of structure may untlerUe forma which are strikiogljr 
different — in aeeordaiice with diverging habits of life, 

I have already chilled attention to the divergent aspects of th« 
aeria) bat aiid the subterranean mole. Yet the Imties of the 
Hying organ of the bat clogely re- 
semble that of the burrowing organ of 
the mole, save as regards the relative 
shapes and dimensions of the compo- 
nent bones. But while in the bat tbej 
bones are drawn out Into ejtceijiiiv 
length and tenidtj, in the tnoh^ they 
exhibit the maximum of concentraiioi 
and robustness. Now both these eon 
ditions are but diverging mimifestationi 
of the human structure, and the mm 
indeed may be said of such extrem* 
modilications as the fore-leg of the! 
horse or the paddle of the whale 

But. the bat and the mole present^ 
us with a special point of similaTity infl 
their skeleton not found in the otheri 
auimala named, including ourselves. 

It is that the breast-bone in Wtli 
the bat and mole develops a niedi 
ridge or keeh This keel series 
afford additional iurtacefor the attach 
ment of powertul muscles which pa 
^i|fc»TJBt-ijijnrs: p, botiea of theuce to the arms^ and which, in th 
**?i^^^ !!!"*iu'*'"r ^"^ l*at, bv their conrraction. strike tlml 

wings downwards m tlight. 
Everyone present must have observed, when carving a fowl 
that there is a ridge or keel to the breast-bone, and t!iat a voUi 
minous mass of muscle — the breast of the lowl — is 
each side of such keel, Now, our bat has not got - ,i.»*s^ 

of musscle on each side of the keel of its breast-bone as has th* 
bird, and for a very good reason* In the bat, as in ourselves^ thSi 
must hs which antagonise those just noticed (and which dmw th« 
arras away from the breast) are situated in the hack ; hut in the 
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[ bird, both the muscles which strike the wings downwardg, and 
those which raise them upwards, are both together placed upon 
I th<» breast, aud hence its much deeper and more conspicuous keel, 
StUI, though the mu&cular strQcture of the breast of a bat 
is not so perfectly arranged for flight as is that of a bird, it is 
an approximation to bird structure, and one we can well under- 
stand from the similarity of action* But it may puzzle some of 
my hearers at first to think why the mole, of all creatures in the 
world, shonld have a breast-bone at all like that of a bird. Rut 
a moment's reflection will make it obvious that the mole also 
requires most powerful breast muscles, in order that it may dig 
its way through the soil with the wonderful speed with which 
it does dig through it. Similar causes produce similar edectSj 
and thus it is that the mole, like the bat and the bird, comes to 
have a keeled breast-bone. 

The membrane of the bat*s wing is a stnicture of extreme 
and peculiar delicacy as regards the sense of touch, and the 
perfection of this sense ii doubtless cnntributfd to by a special 
condition of its blood-vessels. Although the sense uf touch de- 
pends, of course, directly on the nerves, the functional activity of 
the nerves depends upon the quantity and the sufficiently rapid 
renewal of tlie blood sent to thera. This is shown by the 
familiar examples of numbness brought about by checking the 
supply of blood to any part with a ligature, as also by the 
increased sensibility occasioned by inflammation ; that is, through 
naore copious supply of blood, Now, in most animals, as in 
urselves, the heart pulsates with rhythmical contractility : but 
the blood-vessels which distribute the blood over the body are 
^^ot themseh^es contractile^ however highly elastic they may be. 
^Hti the batV wing, however, the vessels which convey blood towards 
^fee heart (i,e, the veins) have been found by Dr. Wharton Jones 
^Bo be themselves positively contractile, and so fitted in a most 
exceptional manner to help on the blood supply, thns indirectly 
augmenting the power of touch. 

This exceptional condition of the vascular system may then 
have something to do with that exceptional perfection of the 
power of sensation before referred to, and whicli was experiment- 
ally demonstrated by Spallanzani. He found, not having the iear 
of anti-vivisectionists before his eyes, that bats deprived of 
sight, and as far as possible also of smell and hearing, were still 
able not only to avoid ordinary obstacles to their flight in 
strange localities, but even to pass between tlireads purposely 
extended in various directions across the room in which the 
experiments were made. This skill it is believed is due to an 
^Kcesslvely delicate power of sensation possessed by the flying 
^Bembrane — a power enabling the creatures by atmospheric 
^wessure aud vibration to feel, before contact, the nearness of 
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adjaceDt objects, Pr, Dobson, who bas paid more *i ? 
bats perhaps tban any other lining natumlistHj in ^ to 

think, and very reasooablj so, tliut tactile p^jwer may bt^ thus 
greatly increased by such increase of the surface on which 
tactile sensations maybe received as is found in the bats wing, 
and that this is the explaoatioti of the myt^terious power 
revealed to us by SpiiUanzaai* 

The flight of the bat compared with that of most birds is ex- 
cessiveiy fiutterinj^; but it is a true aod perfect flight, and 
therefore very different frotn the analogous action of other 
beasts called ** flying,** such as the flying squirrels^ the flyinij: 
opc^ums, and the flying lemiir. In thege animals tiie bkin of 
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the flanks can indeed be extended outwards to the arm and the I 
leg, and when bo stretched (a^s when thej^e animals take long i 
jumps) seems aa a sort of parchmeut to feu^tuin them somewhat 
in the air, and so far lireak their fall as to enable them to tlitl 
Irom one bough to another; but they cannot truly fly, Thej 
flying lemur is the beat furnished in this respect, as it has not] 
only a irery extensive "alar membrane," but a short expansion 
of i^kin connects together not only the fingers but tlie toes ali*o 
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^*fhicb is not the case in bats), aod has a tree iBterfemoral 
membrane extentling from the hind-legs to the tail. 

There is do other giich instance in beast«» or in any existing 
reptiles ; but web-footedness is c^rjied to such an eitreme 
degree in a certain frog found in Borneo as to give rise to the 
canjecture that it was a flying animal, 

Mr, Wallace, in his travels in the Malay Archipelago, en- 
countered in Borneo a tree* frog ( R}uLcopho}^s) to which he 
considered that the term '* ttying " might be applied. He telU 
us : — 

" One of the most curious and interesting creatures which 
I met with in Borneo was a large tree-frog, w^hich was brought 
me by one of the Chinese workmen. He assured me that he 
bad teen it come down in a slanting direction from a high tree 
as if it flew. On examining it I found the toes very long and 
fully webbed to their extremity, so that, when expanded, they 
offered a surface much larger than the body* The fore-legi* 
were also l>ordered by a membrane, and the body was capable 
of considerable iuflatiou. The back aud limbs were of a very 
de?ep shining green colour, the under surface of the inner toes 
yellow, while the webs were black rayed with yellow. The 
bt»dy was about four inches long, while the webs of each hind- 
fac*ti when fully expanded, covered a surface of four square 
inchei, and the webs of all the feet together about twelve 
iic[uare incites. As the extremities of the toe^ have dilated discs 
for adhcifiiuu, showiug the creature to be a true tree-frog, it is 
difiScult to imagine that this immense membrane of the toes 
can be for the purpose of swimming only, and the account of 
the Chiuaman that iD flew down from the tree becomes more 
credible." 

Although no existing reptile is thua furnished, there is 

a small Asiatic lizard which is ordinarily spoken of as " flying,'^ 

^le Draco volant. And, in tact, though this creatme cannot 

^nly fly^ but only flit, it has a membrane which can be ex- 

^feided from each side of the body, and which, like the bat's 

wing^ is supported by a number of bony rods. These rod?, 

however, are not, as in the bat, enormously elongated fingers^ 

but are elongated ribs, which stand out freely from the body 

when jumping, but otherw^ise are folded back against the flanks. 

Existing reptiles, then, present ua with no close resemblance 

to liat-structure ; but when we come to extinct reptiles — reptiles 

which flourished during and anterior to the deposition of our 

ebalk cUffs — the secondary or mesozoic period — we there find 

reptiles to have existed which present tlie most striking analogies 

with existing bats in all that regards their modes of locomotion, 

and their structure as far as it is related to such modes of 

locomotion. ^^^ 
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These reptUe^ flew, in tlie same way that bata do, by meass of 
a %'ast membrane eztending from each enormoualy elongatttd 
hand to the adjacent side of the body. 

While, however, in the bat all the fingers of each hand are 
enormausly elongated (to support the alar membrane )— the 
thumb alone remaining free — in these flying reptileB only a 
single finger of each hand was thus elongated, tlie others re- 
maining short., and being provided with ekws like the thimib. 

With the approach of the winter gea^^on bats (like dormice) 
fall into a pecidiar state of winter sleep called hibernation. 
For this purpose they generally asgemble togethffr in large 
numbers, in out>-of-the-way places — caverns, hollow trees, or the 
roofs of btuldings — Imnging hcEid downwards by the claws of 
their feet. During this condition the most important function!^ 
of life — breathing and the circulation of the blood ^are per- 
formed only with esceedingly reduced activity, the temperature 
of the body becoming notably diminished. 

Some of our English bats may be kept in confinement and 
partly domesticated for a time, small pieces of raw meat lieing 
given to them in lieu of their natural insect foot^ Speaking of 
the long-eared bat, Mr, Bell tells us : *^ It is more readily 
tamed than any other, and may soon be brought to exhibit a 
considerable degree of familiarity with those who feed and 
caress it. I have frequently watched them when in confine- 
ment, and have observed them to be bold and familiar even i 
from the first. They are very cleanly j not only cleaning * 
themselves after feeding, and at other times, with great assiduity, i 
but occasionally assisting each other in this office. They areJ 
very playful, too, and their gambols are not tJie less amusing| 
from their awkwardness. They run over and against cachj 
other, pretending to bite, but never harming their companion?? j 
of the same species; though I have seen them exhibit a sadj 
spirit of persecution to an untbrtnnate Barbastelle which waaj 
placed in the same cage with them. They may be roadilyl 
brought to eat from the hand, and my friend Mr* JajnenJ 
Sowerby had one which, when at Hljcrty in the parlour, woiildj 
fly to the hand of any of the yotmg jieople who held up a fly J 
towards it, and, pitching on the hand, take the tly without hesi- 
tation. If the insect were held Ijetween the lips, the bat would j 
then settle on its young patron's cheek, and take the fly with! 
great gentleness from the mouth ; and so far was this familiarity I 
curried J that when eithe^r of tny young friends made a h ummi ngl 
noise with the mouth in imitntion of an inj*eet, the bat would j 
search about the lips for the promised dainty*" 

One of the ** young friends" here refeiied to is now tboj 
e^eemed secretary at the Botanical Gardens, and he has a*<3iJ 
me of the truth of the anecdote. 
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i& cry of t he bat is exceedingly slinll, so much so that some 
efsoiMi' ears arc quite unable to detect it. 
Homer compares the voices of the ghosts to the criea of liats. 
In the 24th l>ook of the Odyssey, 6, he bujs : "As when bats in 
a corner of a great cave^ when one of them has fallen from off 
the cluster — so they (the ghosts) went along screaming*" 
Or, as Pope gives it :— 

Trembliopr the spectres p-lide, and plaintive Tent 
Their hollow acreums nlmig the deep descent^ 
As in the cavern of some rifted derit 
Where tiock nocturnal bats, ftud birds obscene : 
Clustered they httnj^, till at some sudden shock 
They luovi?^ and muruiura ruij throiip^h all the rock- 
So cowering Hed the wable heap of ghosts* 



Bats bring forth but one or two yoimg ones at a birth — 

wheo they are received into the interfemoral membrane as inferj 

a cradle — the mother then banging sus|>ended not hy her feet 

bat by her thnmbs. 

The young are bom naked and blind, and are suckled at the 

^^east much as is the human infant. 

H| There are many kinds of hata, though their number ia 
^■pcertain, 

B There are some 14 species even in England, and at least 320, 
arranged in some 79 genera, in the world at large. 

One of our English bat^, already referred to as " the long- 
eared bat,'* does indeed merit its name, since it has relatively 
tbe largest ears found in the whole animal kingdom, being 
alrout aiual to the length of iU entire lx}dy. Tbey are capable 
of Iteing folded up, and generally are so folded, during sleep. 

Another kind of hat found in England U called the leaf-nosed 
bat, liecau^se in it not the ear hut the nose is the seat of ex- 
traordinary skin development^ — productions of skin curiously 
folded surrounding and surmounting the external nostrils. 

The use of this membrane, according to 
Br- Dobson, is to serve as a tactile organ 
(like the wings); and this is the more 
Tollable, seeiug that that family of leaf- 
bats which is represented in England 
the smallest eyes, and are devoid of 
Jus or inner part of the seemingly 
l>efore spoken of* 
ire dt\a3ible into two great groups* 
le of them includes all the insect-eating hats (with or without 
lose-leaves )^ more or less like the hats which inhabit this 
country. They have almost alwajs teeth such as those already 
described, often a v^ry large tragus to the ear, au4 a^ i&tQT3iajc?a i 
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size, called flying foxes^ of which we havp specimens now living 
in the Zoological Gardens. They are confined to the tropical 
and subtropical regions of the Old World and the Pacific, but are 
not found even in the hottest regions of South America. They 
have grinding teeth, which are not drawn out into sharp points, 
but have their crowns markeil simply with a longitudinal furrow, 
in accordance with their fruit-eating habits, and their stomach 
(also in accordance with this habit) is much prolonged at its 
pyloric, or more specially digestive, end. 

Certain leaf-nosed bats of South America go by the formidable 
name of vampires, from their reputed blood-sucking habits. 

Although such a habit could only have been attributed erro- 
neously to the entire group, one certain kind of this group is 
very truly blood-sucking, and its organisation is peculiarly and 
very strikingly modified to efficiently subserve this function. 

The bat in question is called DesinoduSf and the truth as to 
its blood-sucking habit has been fully established by the testi- 
mony of Mr. Darwin.* He tells us: "The vampire bat is 
often the cause of much trouble, by biting the horses on their 
withers. The injury is generally not so much owing to the 
loss of blood, as to the inflammation which the pressure of the 
saddle afterwards produces. The whole circumstance having 
been lately doubted in England, I was therefore fortunate in 
being present when one (Deaiiiodus iVOrbigtiyi) was actually 
caught on a horse's back. We were bivouacking late one 
evening near Coquimbo in Chile, when my servant, noticing 
that one of the horses was very restive, went to see what was the 
matter, and, fancying he could distinguish something, suddenly 
put his hand on the beast's withers, and secured the vampire. 
In the morning the spot where the bite had been inflicted 
was easily distinguished from being swollen and bloody. The 
third day afterwards we rode the horse, without any ill effects." 

The special modifications of structure which harmonise with 
this special function are mainly two. First, 
the form of the teeth, and secondly that t>^P*^ 

of the stomach. ^^^uT^ 

As to the teeth, the grinding ones are - ' 

reduced to a minimum both as to size and 
Dumber ; while the two middle or cutting 
teeth of the upper jaw are of great size, 
with a sharp cutting edge well fitted to Teeth of the Vasipibb 
inflict the small incision needful for the ^''- ^*f ^'"• 

mimal's nourishment. *' '"""^"^'t^tL ' '' "^"^ 

As to the stomach, it presents us with 
I structure unique in the animal kingdom. Here it is not 
:he pyloric end of the stomach, but the opposite or cardiac end, 

• ''Journal of Voyage of Beagle," tcI. i. ^. "^^ 




irliicb h produced in to an ei; ' long pouch, wblle fli^ I 

opposite or pvloric end i^ re^i^^,..^ ^ > a mexe ruiiimt^Qt— tlie I 
bighlj nut rit ions food (blood) reqairinsr very little digestion, I 
but Deeding a capacious eb amber i ' ptioD, I 

Although this is the* onljr tiat y il to live by I 

blood-suekiiig exclusively, nevertheless it iii proliablt; that varioufi I 
^tber Idndt praeti^ blcKNl-^ucking as at least une part of their I 
mode of ButrititDD, I 

The late distinguished zoologist belonfpng to the Zooln^cal I 
Soeiet} ■ — Mr. Bljtb — lias ohserred this h^bit in a leaf-nosed Imt I 
af India, one belonging to qaite anolber family from that to I 
which the Aroerieui ^-ampiie beloegi. The hat in question b I 
called Megaderma Lyra. Respecting ite habits Illr. Blyth I 
tells us* a^ felloe's : — | 

•-^ Chancing one eveniog to see a rather large bat enter an i 
otitbottse from which tbere was no other egress than by tbe 
doorway, I was fortunate in being able to procure a light* aiid 
thus proceed to the capture of the animal. Upon iinding itr- J 
self pursued, it took three or four turns round the apartroentf \ 
when down dropped what at the moment 1 supposed to be its 
young, and which I deposited in my handkerchief. After i&| 
^timewhat tedious chate, I then secured the object of my pur-l 
^iiit, which pro%'e<! to be a fine pregnant female of Mtgadenwom 
Lyra. I 

" I then looked at the other bat which I had picked up, and, t^I 
my surprise, found it to be a imall Vespertiiio^ nearly allied tal 
the European V. p ip ist relhi ^, wh ieh is exceed i n t^ly abiind a nt , I 
not only here, but apparently tJirou|^bout India^ being the *amiil 
also, to all appearance, as a imall species which my friend Dr*| 
Cantor procuml in Chusan. The individual now referred t4l 
was feeble from loss of blood, which it wsis evident tb<H 
Megadei'ma had been sucking from a large and stilt bleedinn 
wound under and behind the ear ; and the very obvioiisJyl 
suctorial form of the mouth of the vampire was of itself suffi-J 
cient to hint the strong probability of fluch being the cas^ij 
During the very short time that elapsed before I entered thai 
outhouse, it did not appear that the depredator :ha<rl «>dcs] 
alighted; but I am satisfied that it sucked the vital curreoti 
from its victim as it flew, having probably seize<l it ou the wiugJ 
and that it was seeking a quiet nook where it might dev<»url 
tlie body at leisure, T kept both animals wrapped <iep:iratelll 
in my handkerchief till the next morning, when, procuring fl 
convenient cage, I first put in the Metjaderma^ and^ afteil 
tdjgerving it some time^ I placed tlie other bat witll 
it. No aoaner was the latter perceived tlmn the other fastened 

* Ja the '*Jotinift\ i5f tUft A-aktvc Society of Citkutta,** vol. xL puSdn 
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on it with the ferocity of a tiger, again seizing it beJnud the 
eiir, and made several efforts to fly off with it ; but, fLnding it 
must tteedH stay within the precinct^s of the cage, it soon hung 
by the hind-legs to one side of its prison, and, after sucking its 
victim till no more blood was left, commenced devouring it, 
and soon left nothing but the head and some portions of the 
limbe. The voidings observed very shortly afterwards in its 
cage resembled clotted bloody which will explain the state- 
ment of Stedman and others concerning masses of congealed 
blood being always observed near a patient who has been attacked 
by a South African vampire. Such, then, is the mode of sub* 
Bistence of the MegaderrfiaJ'^ 

Bats are most widely diffused over the surface of the globe^ — 
Ed their powers of flight might lead us to expect- Even 
Australia — so very peculiar in the character of the other beasts 
which inhabit it — possesses bats belongiDg to both of the bat 
families which are found in our own island. 

But although the whole group of bats, and also that family 
td which most English liats belong — the VmpmiUionidcB — are 
thus widely distributed, the geographical limits of some families 
of bats are very sharply defined. 

To appreciate these facts it is necessary to be acquainted 
with the geographical areas into which the surface of our globe 
may be divided, each considerable tract of the earth's surface 
liaving its more or less peculiar animal population, or fauna^ as 
it has its indigenous plants ; that is, its jlora* The earth's 
gnrface is divisible into six zoological regions- 

1. The PdlfEardic region, or Europe, Asia north of the 
Himalaya, and Africa north of the Sahara. 

2. The Etkiopian Tegion^ or Africa south of the Sahara, and 
liocluding Madagascar and also Arabia, which geologically is 
part of Africa. 

3. The Oriental regimi^ or Asia south of the Himalaya, with 
Southern China and the Philippine Islands and Indian Aichi- 
|ielago as far as the island of Baly. 

4. The AuBtraliAin region^ or Australia, New Zealand, the 
lees remote Pacific Islands, and those of the Indian Archipehtgo 
from New Guinea up to Lumbock, 

5. The Nmtropical rsglon^ or South America, together with 
tropical North America and the West Indies. 

6. The Nearctic region^ or temperate North America and 
Greenland. 

Now the whole group of flying foxes is strictly confined to 
the tropical regions of the Old World and Australia. In the 
tiime way the tlimily of leaf-nosed V>ats like those of Englaiid^ — 
the Rhinol(fphiikB~is limited to the Old World, though reach- 
iog there much hi^^her iatitudes than do l\\e t'^mg lo^.^^.. 
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Tlie groups to nvhich the ^-ampir^s belotig^ — th** PhffpMio* 
muia — IS Htrictlj eoDfined to the Neotropionl i%Ftil Xt-mtw* 
regions; iiud the Neotropical repoo is not niily 
i^ the liead-quai-ters of the Fhylh&tomida*^ but .i. . .^ 

iii together destitute of the flying foxesf and RkmoUqAid<tu 

iSuch being the relation of hats to space- — tlieir geogmpln"!! 
distribution— what are their relations to time — their ge^J^-«^J■ • 
distribution ? 

I assume that my readers are acquainted with the fiimin* 
mental facts and laws of g^olog^, and know that the 8uccesj<ive 
layers, of which the superficial crust of the earth is iu vr^rr 
various degrees composed, are classifiable into three sets : (1) 
The Primary or Palpeozoic rocks, (2) the Secondary or Mei^nz^iie 
rocks (from the Trias to the Chalk indusively), and la?it!y(*ll 
the Tertiary or Cainoznic rocks, extending upwards from thft 
Chalk to the present ilay, 

liemains of beasts more or less closely resembling some rf 
those existing now in Australia are found hnr down id t!w* 
secondary rocks, namely in the Triassic and Oolitic format iotisu 
Cienerally speaking, however, beasts such as thoinc wliich n<>w 
exist are not found deeper than the Tertiary strata, and thiols 
the case with bats. 

The oldest fiissil bat yet known is represented by a few teeth 
found in Eocene deposits in Suffolk. The oldest perteet fos^i| 
}>:it is the Ve&pertUio parisiensis of the gypsum beds of Monti 
miirtre. near Paris* 

Some forms of existing beasts, however, which are tww di* 
tinct enougbj such as the ox and the pig, or the tapir and t)i 
horse, were preceded in early Tertiary times by others whic 
were more or less intermediate in structure. This is not th| 
case as regards bats. Bats, as soon as they appear at allj 
appear as tlioroughly and as perfectly organised bats as 
those living amongst us now- 

This leads us to speculate upon qnestions of origin j 
before Bo doing, let us sf^ that we have a clear idea of what 
bat is, and can give a good definition of it^ 

In order that we may have tbi» clear idea, we must considd 
for a few moments zoological classification. 1 

The whole group of aninmlis is fancifully termed the jinima 
kingdom, in contradistinction to the world of plants— tin 
vegetable kingdom. j 

Tliis vast mass of animals h suMivided into a iiumlu^r d 
very large groups, each of which is called a subkingdoin* Thil 
we have tlie subkingdoni to which we ourselves belong — ^tli 
vertebrate Buhkiugdom ; the subkingdoni of insect?^ itc. j tlaj 
of miails, cuttle-fisbes, iS:c,» and so on, I 

Eacli of these various subkingdoms is again divided inm 
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TfREh subordinate j but still very large, groups, eacli of wliich 
ii called a ckus^^. 

Thus tlie subkingdom Vertebrata is made up of the chijis of 
man aud beast:s, that of birds, that of reptiles, that of frogs, 
toads^, and eft«, and that of fishes. 

Every class is again subdivided into certain eubordinate 
groups, termed orders. 

Eaeh order is compos*'d of farailies, each family of genera, 
acd <*ach genus of its component kinds or ** species," 

Now the bat^ as already said, belongs to mane's own class, 
possessing as it does all the characters which distitiguish that 
class from the other classes of vertebrate animals. 

Man"*s own class. Mammalia, is divisible into some dozen 
orders, and all the bats form one such order {Cheiroptera}^ into 
which no animal but a bat is admitted. The characters of 
this order are the possession of a truly flying membrane, siis-* 
tained by very elongated fingers ; and the bat is capable of 

ing vei-y shortly defined — namely, as atmib/fif/ivg mamvial. 

Bats present no re;il resemblance whatever to birds, but are 
of course mucb more like ourselves (who are their class- 
fellows) than they are like any bird. 

Similarly, in spite of this analogical relation of bats to those 
extinct reptiles, the pterodactyles, thts * creatures have no true 
a^nity* Pterodactyles are aerial mod ifi cations of the Kep- 
tilian type, just as bats are at^rial moditi cat ions of the Mam- 
malian type- Wc may say, in a rough and general wuy, as 
pterodactyles are to reptiles, so are t>ats to mammals. 

Before concluding, we may now glance at the question of 
the genesis or origin of bats. To those who accept the doc- 
trine of K volution — ^as I myself do — there can l>e no question 
but that bats did arise by natural genemtion from some an- 
terior l>east3 which were not bats. But at what period, and 
from what prngenitors ? these are questions which it is quite 
impossible to answer at present. As has been said, there are 
certain cases in which w^e may imagine now existing more 
highly specialised and differentiated forms were deveb>ped from 
anterior less highly specialised and ditferentiated ones* We 
may do so, e.g.j as regards the horse and the ox. But we c:innot 
do 00 as regards the bat, because up to the present time no 
fossil remains whatever have been found which connect bats 
with other creatures, Moreo\'er, the development of the bat's 
jfringj dithcult as it is to conceive upon any view of evolution, 
Kem« to me to be e?jjecially difficult as the mere result of the 
survival of the fittest, when we consider the origin of the 
initial stages of the organ. The nearest existing relatives of 
thft bat which are not bats are perhaps the little shrew mice 
iplonging to the order Insectivora, Some of these are aquatic ^ 
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:z. ffc- r-L- '<f i:^ -"lsl.: bc«sk- biiKsml »cuKic fcwa EiaT have 
o**'* *-lr*pec i'jc-i: ixf^trf tuid •■r*-t* 5ik* Tir»fr rf tbr Sjin^ frog. 
Tr-it *7je*';'jLi:i.«:. d>» xik<*^ Liorer-sr. ci^.2iiaaid hself !•:• mj 
nLiL-i b? & *ai:-%^2»cT.»jT i.iir : lod Ltii-'asi d>:iro&s. cc-^d we see 
i.l irj*r ^rt-iiC-. f,'rm5 of lift wtddi •att cxiscd duiizkg the 
KecoDcLarr i^ryyL -■■*• ^fj-.-TiLi fad f.::rre crc»xares derelofASg ty 
i&or^ or Lei* ripid rzixs^ hli'iig & deriiriie c/iii?*? is the diKctioo 
'.f th'r T -.-pf: of -Truct'^e ^-j^iKM fcc -i'^- &>rr«:drs»ti->n to^^j, and 
TrjO'jg^fj I iiii jf3a/3 V v.« msikr ii. act of sriezitioc &iTh in the eiia- 
f-Tif:^ of •ucb cr*jaT'jr*rr- I octi&s mv iiijijiriati«>n iurlj Idffled 
ifj itr aTT/riiipT?' :/.» depict tLem. or tbe roa»l which ihi« paiticuhr 
c^jur-^ of *rvo]ut:oij followed. We muf^ wait patientiv for 
m'jr'^ yy/ti\ from pai*r«DtologT. Birt we may wait very hope- 
fully . Wfr may do so t^tcause the wcMerfuIly rich harvest of ' 
forffil reriiaiur low being gathered in North America supplies 
u-i with good and s-i.lid ^ound for hope. 

Alrea/Jy ionns have been discovered there so strange that 
th'rv cannot be satisfactorily group^ in any existing order of 
rnamrnalfs— form^^ such as imagination cc»uld hardly have anti- 
cijiati;d. We may. then, not unreasonabiy expect that sooner or 
)at/rr — fierhaps very soon— fossils deeply buried in the secondary 
rocki» will come to light, clearly pointing out the line which 
}i'A', Ur<.-n followed in the evolution and development of the 
only truly flying mammal — the bat. 



EXPLANATION OF PLATE CXXXVL 

Vui. ]. A P'lying Fox from Samoa, Pterofnu JlTiitmeei. 

Via. 2. Skeleton of a Flying Fox. 

Vu'm. .'j. Side view of breast-bone of ditto. 
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JHE EIGHTY-TON GUN, OR WOOLWICH INFANT. 

Br CAPfAUT 0. 0. BROWKE, RA 
£PLATB CXXXVIL] 



rE appellation of the ** Woolwich Infant*" was originally 
gmn to the first 35-toii gun. We are now about to con- 
sider a '*new arrival '^ of not only vastly greater power, but one 
which, starting in certain respects, as it does, on new conditions, 
may be regarded as the herald of a race of giants- 

The eircumstances which have called the 80-ton gun into 
existence are those under which the struggle for supremacy 
between guns and armour is now carried on. It becomes 
Deceseary, therefore, to glance briefly at the stage of development 
to which this branch of warfare has been pushed. 

Our first armour-plated vessel, the TTarrior, was commissioned 
about 186L She carried 4^inch plates on the greater part of 
her sides, with 18 inches of teak backing and |-inch inner skin of 
iron. This was found to resist fairly the attacks of 7-incb 
Armstrong breech-loadiug guns and GS-poimder smooth-bores, 
except at very close distances. Great strides were shortly 
made in the manufacture of gum ; but at the same time the 
naval constructors arrived at such forms and designs for vessels 
as enabled them to carry much heavier armour, decreasing the 
surface of the side to be plated by lowering the freeboard, by 
shortening the entire vessel, and further by greatly diminishing 
tlia size of the batteries requiring to be sunoonded, as it were, 
with an iron wall. This was done by drawing the gims into a 
centre battery, or placiug them in turrets on Captain Cole's 

' system. Thus it has come to pass that in our fleet, at this 
present time, we have on the one hand the Warrior and the 
Minotaur or Norikumherland class of ships, with 4^ inches of 
iron and 7-inch (Woolwich) guns of 6 J tons weight, and on the 

I other hand the Deuaatationy Thuiiderei^ and Glattmij with 14 

I inches of plate and 35 and 38-ton guns ; while the InfiexibU is 
now being constructed with 24 inches of armour laid on in two 

I plates of 12 inches each, and is to carry 80-ton guns. So rapid 

i VOL* XT.— NO. LI- % 
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a devebprnent of power is obviously alarmitig in more than on 
respect ; for not only are we compelled to devot*? enormous sumj 
of money to the construction of such deei^s, but ali^o the iiej 
veasek so rapidly dwarf and outmatch their predeceisors in theiJ 
means of attack and defence, that there muet neceflgarily e%i^ 
in. the armament of each nation a few ships which are able m 
dispose of all comers except the individual of about tbeii 
own class, who might probably be a number that might bfl 
counted ou our. fiugeirg. An imcomfortable elemeut of ujicefl 
t^inty is thus brought into the question of aaval warfare, fafl 
the same conditious obtain in the fleets of all formidable naval 
Powers. Suppose that England, in the Jnfiem'ihh and Dr^^wil 
"fioughtj has vesseU that are- decidedly more powerful than aiqi 
of her enemy*s fleets Suppose even that the next class of sblu 
the Devast€itkm and ThmuUrer, are sufficiently powerful to ha 
expected to hold their own fairly against the most formidabl J 
antagonist, which we shall see hereafter is not the case- ^Vhafl 
guarantee have we that vesaelsj say such as the MoTUzrch^ roajl 
not be called Upon to engage with that antagonist ? So that il 
ship which we look npon as rather a powerful ironclad toAfl 
after all be placed in circumstances when she may be calledl 
upon to contend against an invulnerable antagonist who^el 
guns, under favourable conditions, are capable of piercing heJ 
own armour with ease. This danger is seen to be the greatM 
when the difficulty of identifying an anta^ponigt is taken int« 
account. One thing at all events is clear, and it is that whtchj 
at present concerns wb. Out vessels must be supplied with tha 
most powerful gims we can make. Hence the importance ofl 
the 80-tou gun and its kindred. The particular desideratuflfl 
demanded of the 80-ton gim was, that it was to be capable ofl 
penetrating 20 inches of iron, firmly backed, at 1,000 yardll 
range. This there is reason to hope is likely to be realised, as I 
we shall see hereafteJ*, but we have first to deal with what hail 
actually taken place. I 

The gun itself {vkU PL CXXXVTT, fig. 1) is made on thM 
Woolwich system as perfected by Mr. Fraser ; that is to «i]W 
the centre portion or ** A tube ^' is made of a block of cast liHfl 
supplied by Messrs* Firth. Hound this are " built up ** ^^| 
cylinders formed of coiled wrought iron, and a large n^^| 
termed the truunion hoop, which are attached in succession iflfl 
their proper places by means of beating them so as to miM 
pand them and enable them to pass on, and then in cooling 
to grip the interior portion firmly. The breex^h end be^ 
hind the base of the steel tube is closed by a block of wroogbtj 
iron screwed into the posterior portion of the '^ breech-piece **■ 
coil. Those who are iicquainted with the manufacture of th« 
Woolwich guns will recognise that this amounts to saying IbAtl 
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this piece is oonstructed on the Fraser system. The st-e^l tuba 
ia roughly bored out before the gun is built up and fioished, and 
rifled afterwards. The total weight of the iron forgings and other 
separate parts to be thus united is given by Major Maitland, 
the Assistant-Superintendent of the Gun Factories, in a paper 
«ent to the R,A. Institution, as 164 tons 16 cwt. when in the 
rough state. 

In the manner just described a gim can be made, so it ia 
believed, as strongly as is possible on any system. It is difficult 
to spe^k positively, because steel guns are frequently found to 
be very strong, and when tested to destruction they have exhi- 
bited greater durability than was thought could have been 
shown by any other material. Possible or probable durability 
of a high character, however, is not at all so desirable an 
element to exist in a gim as the positive assiirance of some 
standard, even though a much lower one. This is what may be 
claimed for wrought-iron guns compared with steeL The 
former are very reliable, and possess very high resisting powers; 
the latter may possess extraordinary powers, but may occasion- 
ally burst unexpectedly, and when they do so the fragments 
fly violently in all directions ; whereas shoiUd the wrought-iron 
gun give way, it does so gradually, and so no danger is to be 
miticipated. The conditions which principally have to be con- 
sidered, at all events with the Woolwich guns, are those under 
which the bore of the gun may best perform the work required 
of it, and resist the effects of wear and tear caused by the 
erosion of the gas, our gims having worn out in many instances 
very rapidly- Matters have lieen improved by the introduction 
of tight-fitting copper gas-checks, which ftx on to the base of the 
projectiles, and prevent the gas from escaping past their sides, 
and BO scoring the bore of the gun as well as wasting available 
power. It has been considered desirable, however, that under 
any circumstances the pressure of gas in the bore of the gun 
should not be allowed greatly to exceed about 25 tons per 
square inch* The principal problem involved in the whole 
question may be thus stated. How are we to discharge the 
projectile with the desired velocity without biinging on the 
bore of the gun a pressure exceeding about 25 tons ? The size 
of the bore of tlie gun affects the question, because much 
depends on the space it allows the charge to occupy* A larger 
"bore admits of a Bhorter cartridge, and brings the powder into a 
more compact mass through which the flame of explosion pasaea 
more easily, and so generates the gas more rapidly* Connected 
with this is the question of giving guns enlarged chambers, so 
as to bum the powder in a more favourable manner than the 
desired size of bore would allow. Sir J. Whitworth, in 1872, 
had great success with a breech-loading gun with an €Ti\axg^«e.4 
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cfammber, wliid wm probttMy the firsl^ Ihat w:^' ' anyimeu \ 
Am eolargeji chamber with a mtu^e-loading _ nitlier & ' 

more difficult Matter tci ammge, liecause in msmj aifiei iim 
cartnd^ has to be made to eet tip and ejcpand in wtor to ester 
Oie enlarged chamber properlj- 

A much more eompUcatal qiiestkiii Vbma that of the mm erf 
the bore is that of the pcrwder. To mukntand this, it ib oeoa^ 
^ry to be clear g^enendly as to what takes place in the ptrocGSB 
of explosion. The word ^generaUy ^ is tsed adTtaedij, far 
it would be rash for anyone to lu^oleas to know all that tskee 
place. Speaking genemUj^ tbea, the explosive gas oommaaQcs 
to be generated if the flash of the tube Igmtii^ the sttxfiioe if | 
the adjacent grains of powder, and the flaz^ng gia so genesattd f 
rapidly expands in all difeetions open to it; and thns, nndei tba^ 
pressure of close confinement, rushes violently through 
interstices between the grains of the entoe charge, 
grains, becoming ignited, biun from their exterior bu 
towards their centres* Thus the gas developed rapidly acquires" 
sufficient power to drive the projectile up the bore, following ii 
np with all the force it acquires fram the further generation d' 
gas as the grains bum through- Thus it will rtadily be seen 
that a small grain of powder faciJitates rapid explosion by 
burning through very quickly, and in a small charge of powder 
gives the greatest effect, A a the charge increagee, howefov 
there soon comes a point when the interstices between ibp 
grains become insafficient for the passage of the fiame^ axid, is 
^t, the bore becomes choked, so that a larger grain beoooMi 
nec^sary, even where speed is the sole condition to be considered. 
On the other hand, too large a grain is blown out paitijdlf 
consumed from the muzzle, and so partly wasted. Neveith^ 
leag, so great is the evil of violent action, that it is better to ecr 
on this lide than on the other* A committee was speciallj 
appointed to investigate the action of powder in the bore of a 
guoj who made a series of experiments in 1870, showing by 
means of Capt. Noble's chronoscope and plug or pressur* < i 

the velocity of the projectile and the pressure of gas ai I 

points in the bore of a gun< By their labours they arrived at m 
form of grain which gave a prolonged and continued pressing ofll 
the projectile throughout its passage along the bore^ without m 
any one instant causing an excessively high maximum presaureJ 
such as woidd strain the gun disproportionately. This kind cfl 
powder necessitates an increased charge as compared with than 
which bums more rapidly, because the latter acts at greater ad4 
vantage by performing its work when the space behind th«l 
projectile is smaller. It is much better and cheaper to use mora 
nowder than to injure the gun, and so the slow-buruing powdeil 
'^red. Obviously, however, it is impossible so to regulatfl 
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HpSRsTi that the powder is exactly burnt up as the shot arrives 
H the muzzle ; and were it so, the pressures, m the projectile 
got near the muzzle, would be very small, because the biu*niag 
fiur&ce aod quantity of gas geoerated becomes less and less aa 
the grain becomes smaller* Hence it is easy to see the difficulty 
of avoiding the escape from tbe muzzle of partially burut graim 
of powder, undesirable as that may be, 

The word " grain *^ has been hitherto used on principle ; but 

^le form that the grain takes in the cliarges of the largest guns 

IHithat of a rough cube with an edge Irom 1^ to 2 inches in 

'^gth, each single grain, or ** pebble," as it is called, con- 

tainiug iu itself a considerable charge of powder. So far the 

size of the powder-grain only has been considered. The density, 

and even the glazing, have also to be taken into account. The 

density indeed entirely alters the conditions, for not only does 

fw>wder bum more rapidly as it is less dense, but also, it has 

been recently shown, the assumption that the giain or pebble 

bums evenly from the outside to the centre is quite untrue 

generally^ for the pebbles !)urii through in certain places and 

become honey-combed or sponge-like diuing combustion, in all 

powders of ordinary density, and are blown out of the gun, and 

may be picked up afterwards in this condition. 

The question of the powder has been discussed at some 
length, because it is necessary to know something of the nature of 
the problem to be worked out, in order to understand tbe reason 
for the long series of experiments that is being now carried on 
in the Woolwich Arsenal. 

In the design of the ammunition there is nothing differing 
essentially from that of other large gims except the magnitude. 
The projectiles are eventually to be of the same general form as 
OTir other service projectiles. The armour-pimching shot or shell 
have ogival beads and sharp points, and are made of chilled 
iron on Sir W- Palliser*s system. The section of such a head is in 
the form of a rather pointed gothic arch, and the metal in the head 
is chilled white and very dense and hard, while that in the body is 
mottled- Projectiles of this kind have extraordinary powers of 
penetration ; the metal in the head being of the kind to stand 
up under the compression of impact, and to cleave its path into 
the soft iron of which armour is necessarily composed, while 
the base has more tensile strength and holds well together- 
That the head has the qualities of intense hardness is seen in 
the fact that the point never flattens, but remains sharp to the 
end, while tbe crushing strength of the metal is apparent from 
the feet that it remains quite cool after impact, wliile the 
pieces of plate that have sufi'ered compression are for a con- 
^deisble time intensely hot. 

The final calibre of the gun is intended to be 16 inches, 
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and the rifling consists of eleven gwoxm in tlie bore at a i^imj 
increasing from nottLing, or the difeet fUiedioii, st the bottoEi^ 
of tbe bore to one turn in 35 calibres at the mtucde* Thd 
projectiles have thiee gun-metal »tuds for each groove. The 
weight of the projectile^ when the tore of the gun is of Ita full 
dimeoBions, may he about UGOOlba,, and that of the chargto 
300 lbs*, with a muzzle velocity of about 1,400 feet per 
second. 

The question of the carriage is an interesting one. It was clearly 
desirable to find some way of facilitiitiug the opeiatione of mov- 
ing this gun about* Light guns travel on their firing carnages. 
Heavy guns are geneniflj conveyed entirely separate Irom their 
carriages. Indeed their carriages are massive frames of iroa, 
supplied only with £nmll trucks, which are brought into play by 
hydraulic lifts when the carriage is to run up a few feet along 
itfi platform. The carriage and gun are separately lifted l^ 
cranes, sheerSf ^ns, and tbe like ; and by the game meami tli^ 
gim is placed on its carriage when mounted, and lifted off and 
lowered when dismounted. These operntions are slow^ and suc^ 
as need much mechanical apparatus, and considerable skill to 
carry out with safety to those engaged in them, because with 
exceptionally heavy weights the strain likely to be brought on 
every part of the gear must be carefully calculated. A weight 
of 80 tons would be so greatly in excess of any that han 
hitherto been dealt with, Siat a special supply of apparatus 
might have to be made to any place where the gun wan to be 
moved and mounted. Even at the Koyal Arsenal the g\ 
hydraulic crane, which was hitherto found able to seize up zmi 
swing round any desired weight as if it were playing with i 
had to be strengthened. The operations of loading imd unl. 
ing, mounting and dismounting, could not fail to involve con^ 
siderable expense and difficulty at out-stations. Under theact. 
circumstances the idea was suggested of dispensing with tliri 
by building a carriage on which the gim might both fire ati 
travel ; in fact, to make the monster approach in its conditii 
to a field piece — with this exception, that its movement 
always to be on railway lines, for which purpose the carriage 
must he made to suit the narrow gauge. M^hether this idea 
originated witli the Royal Carriage Department or with Mmjo4^J 
Halt land of the Gim Factories, it may be hard to say ; mi al^l 
events it is to Ije highly commended, ^1 

Tlie carrying out of it was, however, by no means easy, and 
Colonel Field juid Mr- Butter are to be congratulated on tliei 
complete success* To luiderstand the difGctjdties> tbe action 
e gim in firing must be conHitlereih The carriage U dri 
back by a violent force applieti at tlie bottom of the bore of thi 
gun^ I'liti recoil is then cbttck^ gpjdually by brakes appl 
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^1 to the trucks. The direct strain the carriage must^ under any 
^ dicnmstances, bear ; but th is is not what it generally suifer s fronii 
H but rather the contortion that it receives, from the fact that the 
4 centre of gravity of the mass cannot be brought opposite to the 
4 bottom of the bore of the gun, but must fall below it, A 
I riolent horizontal blow backwards, opposed by a resistance in a 
I lower plane, causes obviously a contorting *' couple" or twist to be 
I generated, driving the posterior part of the carriage against tha 
' |Tound, and, as a secondary effect, causing the front of it to lift 
or jump. In our modern heavy gun-carriages this has been 
brought to a minimum by getting the gun well down between 
the brackets or cheeks of the carriage, and making the latter as 
low as possible, so that the bottom of the bore, the centre of 
gravity of the mass, and the surface on which the carriage 
slides as it recoils, are brought as nearly into the same plane 
as possible. With the 80ton carriage {vide PI, CXXXVII* 
fig, 2) the evil could not be got over in this way ; for the 
gun-carri^e trucks, which were to be also railway trucks, 
must be capable of nmniug along rails, and round any curves 
that might exist. The carriage was necefsarily very long, 
the length of the gun itself being 27 feet. Consequently, 
the only way in which it could be made to turn, was to 
construct it in the form of an upper carriage resting on 
" bogies" {vid€ fig, 2), Each of these bogies being attached to 
the carriage by a single centre pivot, the whole might nm 
round any curve that the bogies could take independently, the 
carriage Mljusting itself like a flexible connection. This, how- 
ever, necessitated the gun being a considerable height above the 
trucks, and so called for great strength in the carriage, which 
would be severely taxed by a downward contorting blow on 
firing. The carriage is made of iron, except a wood block 
termed a buttress, which supports the trunnion-bole block at 
A, and a few other minor parts. Strong india-rubber springs, 
or buffers of sheet india-rubber an inch thick, are laid in between 
pieces of iron plate at c c, above the trucks, to prevent shocks 
or jars in travelling. Hand- wheels are fixed on the front and 
rear of tlie ends of the front and rear bogies respectively, which, 
by means of bell-crank gear, bring double wood brakes to bear on 
all the trucks. The platform of each bogie consists of longitu^ 
dinal pieces of angle iron, 12 inches by 6 inches, with 1^-inch 
web- The carriage rests on gun-metal bearings on the bogies- 
From what ha^ been said it may be seen that, on firing, a 
violent backward and downward blow will be given to the carriage 
through the trunnion blocks at e and F. Here again is india- 
rubber inserted under pressure, to act as a cushion. It may be 
seriously doubted how this would do in hot climates. For the 
aervice for which the carriage is at present intenied.^^io'^esct^T^* 
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serves its purpose very well- For proof firing the rails were rnmX 
to incline upwards to the rear^ so that the recoil of the gun wouLm 
be checked, and the piece easily run up ; or it might be made t^ 
return immediately into the firing positioo. When ODce the gun 4 
mounted on this carriage^ there is no necessity for dismount ir^^ ^ 
it* It can travel to any part of England^ and be brought in"^< 
action wherever it may be desired^ so long ns the ordiiiii-:»-j 
narrow gauge line (4 feet 8| inches) esists, laid on a permane^at 
way of sufficient strength to carry the gun and carriage, wh<^i 
total weight will probably be finally al^ut 118 tons- 

The gim waa at first only bored out to a calibre of 14| incli^ 
in order to obtain some experience as to the burning of 
powder and the behaviour of the projectile before the fii 
dimensions were given to the bore» It was brought down to . 
the proof butts in Woolwich Arsenal, and fired for the first ime] 
OIL September 17 last. 

On ibis occasion six rounds were fired with a projectile rf : 
1,160 lbs. weight, and charges of pebble powder composed of 1 
cubes of 1 i-inch edge, the weight of tlie charge gmdually m- 
creasiug from 170 lbs, up to 240 lbs. There is no occasion t^ 
enter into the exact details of each round; it is preferable M> 
keep to the object and general results obtained. As mentioned 
above, the pressure in the bore of the gun was to be kept, if i 
possible, nearly about 25 tons per square inch, and the velocity 
was to be brought as high as possible consistently with this t*oiir 
ditioo. It has been already explained that the velocity i* 
obtained by measuring the time occupied by the shot in pamog 
over the space between two screens, a current of clectridty 
being broken or interrupted momentarily as the shot cuts the | 
wires of each screen. The pressure was measured by ^ 
gauges fixed in the base of the projectile and the bottom of tto<| 
bore of the gim. 

The charges were 170, 190, 210, 220, 230, and 240 lbs., 1 
which gave pressures on the ball of the shot of 19*4, 18^2, IM, 
21-4, 2 1 'B, and 273 respectively, with 24-2, 23'3, 24'8, 22*1 
and 29'6 on the bore for the first five rounds. The velocities I 
the muzzle were 1,393, 1,423, 1,475, 1,503, 1,550, and 1^50 
feet per second. These must be considered good, although u 
yet the weight of the projectile was but small. A velocity of j 
1 ,550 feet is a very high one for a rifled shot Smooth-bttm ] 
gims occusionaUy fire round shot at higher velocities ; but tlio J 
projectile is very light compared with the charge, is easily pro^l 
jected, and loses its velocity rapidly. Those unused to the^l 
sort of statistics may form a good idea of the speed of a gu»** ] 
ihot, from the circumstance that an eneiny's shot comes to you 
mther lie fore the report of the guns. You see the fiajih, but 
'Se shot has whizzed past jou atid done its work eo &x he&m I 
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you hear it. That this might be expected is nbvimts from the 
tiict that the speed at which sound travels is not grcaitlj in ex- 
cess of 1,100 leet per ^cond ; m that for it to overtake the shot 
ft very long range and considerable elevation is required. The 
prefsure against the base of the projectile would naturally be 
iomewliat lees than that against the bottom of the bore, because 
the shot is fast moving away from the gas ; but it is a little 
difficult to explain why the difference is quite eo great ad it is* 
We may run briefly through the sneceeding trials of the gun, 
which have been in pursuit of the same ends as the first ; that is 
to fflj, the object has been gradually to feel the way experi- 
fliflntally to the condition under which the greatest velocity can 
be given to the shot without subjecting the gim to a preHSure 
greatly exceeding 25 tons per square inch. 

On Nov* 18 and 19, and Dec, 9 and 10 lastj fifteen roumk 
in all were fired, which concluded the trial of the gun at Iti 
fli^t calibre of 14^ inches. In March it was again fired, when 
the bore had been increased to 15 inches ; and in May, when Urn 
powder chamber had been increased to 16 inches. ITiegeoeral 
resulte of these trialfs have been to show that the powder is 
better, or at all events more uniform, in it^ eiiect as the density 
is slightly increased above the average ; that the employment of 
a charge over 250 lbs. was unprofitable and wastefiU until the 
calibre arrived at 15 inches ; and that the best results, not only 
those which are least injurious to the gun, can be obtained with- 
out increasing the pressure to 30 tons. Of course, as the calibre 
increases, the power of burning powder to advantage does bo too* 
Probably a 2-inch cube or grain of powder might be employed 
to greater advantage when the calibre is brought up to the full 
amount of 16 inch gh, and the chamber still further enlarged. 
At present experiments are being contiDued with l|-inch cubes, 
but very promising results were obtiiined with those of 1| and 
2 inches during the trials. A projectile of 1,460 lbs. weight 
has been fired. The enlargement of the chamber appc^ars to 
have good results, but a sutiicient number of rounds have not 
as yet been tired to enable a certain opinion to be given. 

This is the first heavy gun whose chamber has been enlarged; 
but some successful experiments have been made with field guns 
in the Royal Arsenal recently. It may be observed we are not 
as yet finally committed to an enlarged powder-chamljer, for the 
enlargement has at present been limited to the intended final 
calibre of the gun. 

The greatest velocity that has yet been obtained with the 
►ton gun is about 1,550 feet per second. 

To pass on to the more interesting question of the probable 
power and utses of the gun on service. 

The most important matter is the power to ipeueV^tu^fc at\fi3cwEt* 
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It is obvious that there is no use in one ship directly attacldiig: 
another whose plates are entirely beyond the power of any guns 
that can be brought to bear on her \ there are other questions, 
however, that are not so easily disposed of. For example, when 
two ships engage^ as we may assume will commooly occuij who, 
have the power, under favourable circumstancesj of piercing eaci ' 
other's side^, how far will a more powerful gun enable a vessel 
with thinner armour to hold her own by engagiog at lo: 
ranges than suits her adversary ? This is important^ as affecti] 
the question of what benefit our Ughter-platetl vessels would 
derive if we put more powerful guns in them. The matter that 
concerns us chiefly, however, is, firsts under what conditions 
would a heavily*plated ship, such as the Infleimbley go in 
action against vessels now afloat, or against such as are kuowa 
to be building- Of vessels at present afloat, the most powerful 
in our own naVy are the Devustation^ Thu7idere)\ and Gluiton^ 
carrying 14:-inch and 12-inch armour and 38 and 35'ton gun% 
throwing 600-lb- shot- ^m 

The ships carrying the thickest armour among the navies ofj 
foreign Powers that we can hear of as at present afloat are, the 
Eussian circular ships, Athiiiral Pofoff and Novgorod^ the 
former carrying plating and iron girders, &c.j which Mr. Heed 
estimates as equivalent to 18 inches of iron, and the latto. j 
armour equivalent to II inches. With the 12 inches backing^fl 
and edge plates of the li-inch skin, our 14 inches of aniiour* 
which includes the bare thickness of the front plate, is probably 
quite a match for the former, and probably the guns of thefl 
Pojto/' are not nearly as powerful as the 35 and 38-ton guns in " 
oiur ships, Russia is, however, building a notable ship, the 
Gi^eat Pete}\ which is to carry 15 inches of armour and, 
40-tou gims. She, therefore, ought to be rather more than a 
match for the TkuTulerer whenever she is afloat ; but there had, 
been much delay and disappointment, and it may be questioned 
whether we are justified in assimiing that she will come up to 
this standard in all respects. The Turkish navy has ships with 
12 inches of armour and 9 inches of armour. The French have 
nothing afloat with more than 8| inches and 21-ton guns ; but 
they have vessels building with 15 inches and 12 inches armour 
and 21 and 35-ton guns. The Italians have two enormously 
powerful ships building, the Diiilio and Dandalo^ which are ta 
carry guns of 100 tons and armour of from 22 inches to 16 inches^ 
we believe, on various parts. 

Probably, then, when the Infie^ihls comes into the servicei 
with armour of from 24 to 18 inches, and 80-ton guns, she 
find two Italian ships whose guns ought to be more than 
match for hers, and whose armour is but little inferior, Unl 
trials take place with 100-ton guns, we are not in a position to 
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Fpeak of tbem ; but* being made by Sir W, Armstrong, tliey will 
prtfjaiimably be the ^ame class of gun as the 80- ton, but more 
powerful in proportion to tbeir increaeed eize. It is to ba 
presumed from the trials that have taken place that the 80-ton 
gim may not fall short of expectatioiij and may prove able to 
pierce 20 inches of armour up to about 1,000 yards range. It 
ought, therefore, under favourable circumstances, to be capable 
of piercing the sides even of the DwUio and Dandalo at short 
imnges ; the question is whether the latter could bold off so as 
to increase the range so much as to retain the power of pene* 
tiating even the thicker sides of the hiflexihle with the 100-ton 
guns, while the distance was such as to save her own thinner 
armour from the SO^ton gims of the hifiexlble. This would be 
a difficult matter, for the larger the gun and projectile, the less 
any increase of range tells against the velocity of the shot ; so 
that even where it was practicable to secure the desired range, 
it is greatly to be questioned whether the gun could be made to 
hit the desired object. The uncertainties are greatly compli- 
cated by the fact that a vessel which could present her plates 
at an oblique angle to the blow of an enemy would obtain a great 
advantage* Of the other vessels afloat, the Great Pdei* might 
be looked upon as the most formidable. Of her 40-toii guns 
we can only judge at present by comparison with our own 
35-ton guns, for the 38 has never been tried against plates. 
Now the 3D-ton gun has just got the head of its shot through a 
target which had as much as 17 inches of iron, besides skin and 
backing, at 70 yards range. But this target has always been 
considered by tie Admiralty and other authorities an imperfect 
line I ite plates were divided int-o three thicknesses, and altogether 
it is more than questionable whether the 40-ton gun could get 
tlirongh the Inflexible at her weakest place, even at the shortest 
lange. Probably the Inflexible would be invulnerable to every 
foreign ship afloat, except the two Italian ones ; and that she 
could pierce the sides of all except these at any range likely to* 
l)e desired, there can scarcely be a question. We have, then, the 
case before us of three shi|K coming into the arena of naval 
warfare, who, even at this stage of development of guns and 
armour, stand in almost the same relationsltip t^ all ironcUds 



pi^viously afloat as they in their turn bore to wooden 
The question raised by such a sudden increase in power as we 
naturally connect with the 80-ton gun is this : Are we proving the 
p4>ssjbjlity of the construction of armaments on such a scale that 
there is no definite limit not only to the power to which guns 
and armour may eventually be brought^ but to the augmenta- 
tion that may suddenly be made in them ? Ifj for example, the 
success of the 80-ton gun is only to be regarded as an illustra- 
L of the proof of the declaration that a gun of 200 tons could 
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be made, and armour of 20 inches proves that armour ^ 
36 inches could be provided, it appears that it lies in the pow< 
of any nation, who will pay the required price, to construct g 
invulnerable vessel that might destroy everything at presei 
afloat by means of her artillery. The rapid development 
armour, at all events, favours the use of torpedoes and otlx 
means of attack below the water line, and the shape that nav 
warfare may at any future time assume seems more uncerta. 
than ever.* 

* The blocks employed in printing the plate have been kindly lent I 
the publiflher of the '< Engineer " newspaper. 
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AQUARIA: THEIB PBESENT, PAST, AND FUTUBE. 

Bt WILIJAM ALFORD LLOYD, 
MASTAexB OF THB Cbtszal Palace AnvABin. 



EIGBTYSTX years ago— in the year 1790— there might 
have been seen tracing along the streets of Edinburgh 
an ^old blae-coated serving-man,'' carrying an earthenware 
pitcher or jar, of three or four gallons capacity. That pitcher 
contained sea-water for the marine aquarium of Sir John 
Graham Dalyell, BarL, who thus employed a man, or probably 
a succession of men, from the time he began aquarium-keep- 
ing tiU he finished at his death in 1851 — a period of sixty-one 
years. The jar was sent to the sea to be filled twice or thrice 
weekly ; but averaging it at five times a fortnight, and allowing 
four miles for each double joiumey from Great King Street to 
the sea and back, that amounted to 39,650 miles from the year 
1790 to the year 1850, which was an enormous and perfectly 
needless expenditure of force, expressed in time and money, 
even although the results of Sir John's investigations were 
given to the world in five such important quarto volumes as 
his '^Sare and Bemarkable Animals of Scotlanrl," 1847-8; 
and his " Powers of the Creator displayed in the Creation,** 
1851-8. 

Dalyell's mode of operation, as told to me by his Mist^5r 
Elizabeth, in two letters dated 1860, and printed in the 
"Zoologist" of Nov. 1873, voL viii. Second Series, pp. 3757-8, 
was as follbws : — He kept his living marine animals, consisting 
of the lower kinds below fishes, in a number of glass cylindrical 
jars, of various sizes and proportions, and with usually one animal 
in each. The water in these jars he changed every mortjing, 
" often twice a day, if he perceived the srnall#.*si fragfn<;nt 
amongst it, wiping and washing the glasses very clean." J (15 
then &rew away the water so used, and replenishcsil it from tb<5 
earthenware jar with the water got from the sea. At one tirno J 
should not have termed this aquarium-keeping at all, because of 
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tbe change of water* (See ^ Cfjital Palaise AqtiErimn Hiuid 
buok," 1875, p. 7.) But naw, having got to think more bru:uI1y, 
I recognise this, not m a change of water in the aeniie of its 
heing Io§t, hut merely as a change of positioij from a faouie in 
Edinburgh to the sea, and back again. That h to say, the 
water he dismissed from his jars went into a gutter in a street, 
or into a sewer below it, and found its way by gravitation into 
the ocean again. Or, if it were poured on the ground ioto 
which it soaked, it found its way back to the sea by an infinitely 
more circuitous route. But, had Dalyell been more of a geneml 
philo^phical thinker ns well aa a natumlist, he would hnxe 
gaved himself this very great amount of oost and trouble- Had 
he but reflected on that which was then known, namely, that 
water — both sea^water and fresh water-— is practically inde- 
structible, and that any decaying organic matt^er, animal or 
vegetable, or both mixed, can be got rid of, and the water he 
left pure, then be would have saved Ms servants their wmir 
walks of more than as far, in their aggregation, as twice roiintf 
the world, nearly. 

In the ocean of course various animals and plants are inces- 
santly dying in large numbers, and their decomposing remains 
are prevented from permanently poisoning the water in whieb 
other animals live and breathe, by the incessant motion to 
which the sea is subjected, and this motion brings the water 
into purifying contact mth the atmospheric air which eveiy* 
where exists. It is this air, or rather the oxygen in it, wbicH 
the water takes up in greater quEintity than tbe nitrogen, which 
is another and larger component of the atmosphere, which is 
the source of purification alluded to, the water being merely a 
medium or a vehicle for the exhibition of the oxygen. In 
addition to this, vegetation grows by the action of light, 
and decomposes the poisonous carbonic acid gas evolved ly 
the breathing of animals, tbe carbon being used to form tie 
woody substance of the plants, and the residual oxygen being 
liberated for the use and benefit of the animals. Thus the, 
ocean, and rivers, and lakes, and all other waten? in nature, of| 
varying degrees of freshness and saltness, by motion and vege- 
tation, both originating from the sun, are maintained suffi- 
ciently piu-e and respirable* | 
These operations were going on almost at Dalyell*8 door, yrt' 
he did not learn to apply them to practice, as he might have! 
done, ^liat he did was this: He fed the animaJa in hisjan 
on mussel flesh, which is easily diffusible in water, and whieh{ 
quickly makes it milky; and this, with the absence of gTowiBg^ 
vegetation, and the breathing and other emanations of thej 
animab, soon caused the water to become ofiensive in appear-j 
Asca and in smell. So he threw it away* But the very act of 
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pcnirmg it, and the motion of it as it trickled onwards to the 
fl^a, purified it, because euehanactwasaiiuncoDscioiis imitatiou 
of what nature does* Had Sir John but thought of the merely 
vehicular character of water, and of its incapability of being 
decomposed save by a very slow and expensive process, he 
would at once have seen that the minutely disseminated 
mussel flesh and its juices in the water made that water unfit 
to support life, only temporarily. It was not the water itself 
that was not fit ; it was only something in tlie water that was 
wrong, and if that something were removed the water would be 
left as good as ever. If, therefore, instead of sending it back 
into the sea by a long road, and then going to the im- 
mense pains to dip it back again, he had poured it into a large 
receptacle in his own house, such receptacle or reservoir being 
many times larger than the aggregate contents of all bis glass 
jars, he would have found that in a short time he would have 
possessed a source of supply for the jars quite as good as the 
ocean provided. Had he, in addition, placed his reservoir in a 
cool cellar, and had a pipe connecting it with the study to which 
lliss Dalyell has incidentally alluded^ with a funnel at the upper 
id of tiie pipe, in which was placed a piece of straining-cloth 
a small hair-sieve, to arrest the coarser pieces of decaying 
isms, and if he had poured the water he had used into 
this funnel, the arrangement would have been still better^ Yet 
better would it have been had he po8sesse<i another pipe leading 
upwards from the reservoir, through which he could pump up 
the sea-water as he wanted it. Best of all would have been 
some form of incessantly-working machinery, by means of 
which the water would be always coming up day and night 
from this large and cool reservoir into the erperimental glasses, 
for then they would have been constantly kept at an even temper- 
atinre and in a state of constant aeration. This would have done 
away with the necessity of the everlasting wiping and washing 
of the glasses ; and, they being thus left alone, and in a certain 
amount of daylight, vegetation would soon have appeared in 
them, stimulated by the action of that light, without having 
been visibly introduced, but present everywhere in the seeds or 
gpores of plants, merely waiting to be developed, Such an 
arrangement^ indeed, would have been precisely that of the 
best modem aquaria as now made, in which the water is so 
continually and abimdantly aerated by ceaselessly moving 
machinery, that impurities have no time to accmnulate, but 
are oxygenated and dissipated as quickly as they form. In 
the Brighton and Havre public aquaria, the old and inter- 
mittent system used by Dalyell has been reverted to, and of 
couriB with ill results, as the water freshly obtained from the 
pea IB turbid when seen in large masses, and is unhealthy for 
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the animalf^t only a small number of whieh tlierefore can 
kept in ^eat liaUcs of fitiiJs because it is inmiffieieotly aerai 
This ^ill be the case also at the Scarborough aquariuni, oo 
beiiigf built on the same erroneous principle* 

Dalyell, however, was no mechanician or physicist, and hi 
knew nothing of marine botany; so be just did as his ntig\ 
bours did with their fresh-water gold-fish globes — he chanj 
the sea-water and threw it away as quickly as it became sullitsl, 
and this water he obtained at no great cost, be living closua to 
the sea. Or if the cost of time in getting it was consideraU^ 
in proportion to the work done, i.€. the quantity obtained, it 
mattered not much to Mm, as he wa^i a rich man. Yet, h^ 
be but known it^ the sea-water be thus obtained was less good 
for the animals he kept than it should have been, inasmuch 
that it was from the adjoining Firth of Forth, and of \im 
density of but 1'024, at a temperature of 60*^ F. ; whereas ludi 
he kept it for some months, it would have evaporated to thi 
more proper density of 1*027 at 60" F., taking distilled water a« 
being 1-000 at 60'' F, 

I have given this narration as showing the state of thiaK« 
aquarially at the end of the last century, and during the firit 
half of the present one, and also as being the mode of operatian 
which tbo general public, and even the great mass of the higher 
and better educated classes of society, still believe to be the 
system necessary to be followed in the maintenance of aquaria. 

In the year 1842 the late Dr. N. B, Ward published the fint 
edition of his lK)ok, in 8vo.^ on the growth of plants in elosell 
glnsed cases, and this in 1854 was fcillowad by the seooihd 
edition, in 12mo, In 1853 Dr. N, B. Ward's son, the praaeol 
Dr, Stephen H. Ward, gave a lectiue on this eubjoct at the 
Itoyal Institution, which was published m a 12mo, pamphlei ia 
the same year. All three of these are now and have been li»ug oat 
of print, and they bear testimony » indubitably, that N. H* WarJ 
experimentc^d with aquaria about the year 1840, though bii 
did not use the word '^ Aquarium," which was employed for 
the first time in print, as iar as I know, twice by Mr. P» H, 
Gosse, in his *' Devonshire Coast,*' post 8vo., 1 85 S, at pageii 234 
and 441. That is to say, N. B. Ward i^ the earliest leconied 
person who inUtdimudhj arranged togutlier certain animak 
and plants in water, so that these two sets of organisms should 
mutually and partly support each other, the plants giving 
ofif oxygen and takiug up carbon, and the animals takinf 
up oxygen and giving off carbon, thus decomposini^ and 
rendering harmk'iiii the carbonic acid gaa as ^ 
was evtilved by the animals, and maintaining t 
In Dr. 8. H* Ward*u pamphlet, just named, is a long, circum* 
Btaiitial, and most interesting narrative of how Sirs* Annt 
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Thynne did the same tiling precisely with Bea-waterand marine 
animals and plants* Thk lady being in Londou in the year 1 846» 
and having eome Hying corals and spongeg, used to send occa- 
sionally to the ec^st for supplies of wat^r for her creatures. But 
finding that if a quantity of this water were taken up in a jug 
and let fall again from its spout in a slender stream^ it lost 
whate%"er impurity it contained from contact with air in this 
much comminuted state, she ceased to get more from the aea, 
and instead ^ot from thence some living seaweed and placed it in 
the water, which derived additional benefit from this vegetation, 
just aB Dn N. B. Ward found his fresh water had benefited by 
the plants he introduced. It is more than probable, however^ 
that ID both these instances the really beneficial vegetation was 
not that which was thus \isibly introduced, but was the minute 
kind which grew parasitically on the plants and upon the 
inside of the vessels. Yet it must be admitted that this gentle- 
man and this lady are the two first known persons who, keeping 
A chemical law in \^ew, deliberately and purposely set about 
attaining means for its fulfilment in an aquanum. 

In 1849 the late Mr, Robert Warington, chemist to the 
Company of Apothecaries, set up in his rooms, in the Hall of 
that Company, in London, his first aquarium, a fresh-wat^r one, 
followed, in 1851-2, by his first marine aquarium. These he 
described in the periodicals of the day, and in a lecture which 
he also gave at the Royal Institution in an interesting manner, 
and naturally from a chemist's point of view. At about the 
«ame period Mr* P, H. Gosse commenced his earliest marine 
ftquarium, as did Dr, J, S, Bowerbank, Dr. Cotton, and the late 
Dr* E. Lankester, and the successes attained by these experi'^ 
menters induced the Zoological Society of London t^ determine 
to have a public aquarium in its gardens in Regent's Park* 
The building for Uiie purpose was erected in the spring and 
eummex of the year 1852. The mariae and fresh-water animals 
were begun to be introduced in the late autumn ; the follow- 
ing winter and spring were wisely spent in experimenting on 
the beet modes of operating, and the exhibition waa opened on 
May 21, 1853^ After having been noticed in print by the 
** Athenieum " of some months earlier, it was again commented 
upon by that journal of May 28, and by the *^Illnstrated 
London News " of the same day and year, the latter publication 
giving views of two tanks. One of the earliest services which 
ibia infltitution conferred on biological literature may be seen in 
portions of the Natural History division of the '* English Cyclo- 
pffKlia*' (an adaptation of the earlier ** Penny Cyclopapdia "), as 
the former publication appeared fortnightly, commencing in the 
ipring of 1853 j and as it was edited by Dr. E. Lank^ter, who 
iJways took much interest in aquaria^ he mentions in the book 
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from time to time that such and sucb animak named hsid bfi^ 
kept in this Regent's Park aquarium, to wliich he gave tli«_ 
needlessly long name of *^ Aquavivariura/' This place was mf 
own much lo%'ed and earliest place of Xatviral History Htudied* 
and in August 1853, 1, too, arranged a little domestic aquarium 
of my own — a freah-water one. Later, in the same year^ I &et up a 
gmail marine onej or rather a series of little aquaria in glass jaiK 
holding from half-a-pint to a pint each. Seldom baa a itudent 
fmgim with such very small meane as I then possessed, for my ie^ 
water wa^ compounded of salts purchased at a London chemist'* 
sfiop, and my animals were such littJe sea-anemones as I cony 
find uninjured on oyster shells thrown into London sstreeta. 1 1 
was in eamestj however, and the difficulties I was so cltiself 
beset with, and they alone, enabled me to gain subsequent 
success. In the earlier books on aquaria — notably in Mr* 
G'osse's two volumes* his " Devonshire Coast " and his *^ Aqua- 
rium *' (the ktter having ^ne through two editiouB, 1853 mi 
1856, besides a recent reprint without the plates^ which have 
l)een accidentally destroyed) — aquaria are associated in idea 
with conservatoriesj especially as to the growth of plants in eadi* 
This notion was very natural. Accordingly the Regent's Pitrk 
aquarium was made virtuaUy as a conservatory. But it was a 
diametrically wrong notion, as the first summer proved ; and the 
second summer (1854) showed this still more conclusively ; mi i 
the third (1855) yet more so, the evil being an accumulating QUA. I 
It was then remembered, when too late, that marine and fraih*i 
water plants and animals live in seas and rivers, where tt 
temperature is much more restricted in range than that whidi 
obtains in the atmosphere. 

It was seen that success was to be attained by repr^ 
these conditions of nature just named, and that to pi ^ 
organisms in a glass house, where the rays of a summer's sim 
heated a mass of imprisoned air, was to kill the animals and to 
stimulate the plants to unnatural growth, or rather to cau^ tbeu^ 
and some of the animab to be covered with a parasitic growth i 
the lower green alg^e which obscured them* The errors of thill 
earliest aquarium were strikingly shown by its solitary mariti 
the latter being its fr^h-water diWsion, occup3ring one side i 
the building, where the water coursed tbraugh the tanks in a 
constant stream, it being clear and cool, and peopled with aa 
adequate number of healthy animals ; while on the other flide 
of the building, and in its centre, were the marine tanka, ui 
which the water was, and still is, turbid and warm, and sparse] j 
inhabited by not healthy creatures* j 

The^ good results were, however, obtained by accident aodl 
not design. The society possessed already a steam^ngin^ 
which pumped up water for the general use of iim garacod 
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^B it was^ a mere matter of cotir^ to comieet the aquarium 
WItSk Uiis etigine, and allow the water (which chtncmi ta be 
drawn from a pure source) to nm through the fish taiik% and 
theo be applied to ordinary piirp<:>3es, drinking or other, for 
which its pas^ige through the tanka in no vmy unfitted it, I 
r^yioned with the society that if the sea-water tanks were simi- 
larly treated on some such system as the fresh-water serie*?, a 
oorrespoadingly good result would he attained i and I pt>iuted 
out thiat the same law governed both, because in the centre of 
the building were some isolated fresh^water tanks hanng no 
stream in them, and these were in a similarly ill conditiuu as 
the marine tanks by their side. In reply, the society attswered 
that a circulatory system did exist in a part of the sea-water 
series, but that it was almost useless; and 1 then pointed out 
that that was because the reservoir into which the sea-water 
entered after it had run through the show-tanks was too small 
in relation to the dimensions of the lattert and that t!ie reser- 
voir should be several times greater than the show-tanks. My 
reasoning was all in vain, however, for the society went on 
throwing away the sea-water when it was only tertiporarUy un- 
fitted for use^ and getting at a cost of several hundreds of 
pounds yearly a weekly supply from the s^, especially when 
tioon afterwards another evil made its appearance, consisting of 
a greenish-brown dense opacity permeating the water, and quite 
hiding fifom view all it contained. This was caused by excess 
of light, for 1 found that darkness removed it and made tlie 
water clear j^in ; and this led to Mr, E, Edwards's invention 
of the daTk-chambered tank» a moditication of which is now, 
or should he, employed in all public aquaria where adequate 
reeults are aimed at and attained. So, at this ^rly period, 
1853-62, though in theory the Zoological Society of London, 
and everyone else who maintained aquaria, used the same un- 
changed water, especially sea-water, yet most persons sent to 
the sea, or to dealers, of which I was then one, for occasional 
new supplies. However, from 1853 to 1855, when I could not 
possibly get new sea-water for my little jars, I merely increased 
the quantity of water to about eight or ten times as much as 
those jars collectively held. Thus the aggregate contents of my 
jars were about sis or eight pints; and in a now hi^^torical earthen- 
ware foot-panj kept dark in a cool corner at hand, I had five or six 
gallons more wiiter, containing neither animals nor plants, and 
when aught occurred to disturb the equilibrium of life in these 
jars, either from excess of light or heat by standing on a light 
window-sill, or from excess of food, ur from there Ijeing Loo many 
animals in a small space, instead of throwing away tne water thus 
ternpararily rendered unfit to sustain life, I merely lestored it to 
a right condition by pouring the contents of these jars iat/o tW 
^ i2 



foot-^pan, whieli was m large in relation to the dimensions «f 
the jarg, that 1 could immediately dip them up full from it 
(the foot-pau) without the water being peroeptiblj the worse 
tbr it, especially when I ^o contrived matters that these traos- 
fers were nmde^ not in one day, hut on euecesglve daym, Thn^ 
in London, far from the sea^ which I had never seen, I was, so far, 
aquaxially speakings as well off as the wealthy Sir John Ortbain 
Dal jell, with the ocean almost at his door. Later on, in 1 857-8, 1 
setup another marine aquarium, in which the show-tank held 20 
gallons, and the re^rvoir 500 gallons, of water^ in which tiiat 
water, instead of being intermittently circulating, as in mj 
jar and foot-pan arrangement, circulated constantly, day and 
night, by meani of a pump and pipes, in a cool undergraund 
London cellar or kitchen, with a uniform temperature of about 
60* F. This answered excellently, especially when I increaifJ 
the water in the reservoir to 1,000 gallons. 

lu I860 I arranged in tbe Paris AccUmatation GardeniSii 
aquarium which bad been Incipiently planned, or rather con- 
templated, by Mr. D, W. Mitchell, who had died some montb 
before then, and I made the circulation a constant one, and 
ga\'e as large an underground resert^ofr as funds would allov* 
but which was insufficient- In 1862 I went to Hamburg, 
where, with the aid of the late Mr* A. Lienau, an engineer ot 
great knowledge, who saw the advantage of a large reaervoir, I 
made tbe aquariimi in tbe Zoological Gardens there, which w^ 
opened in 1 864 ; and it was under my management eo suocaifrul 
that it called other continenttd aquaria into existence, bota^^t 
with so great a success, because of n^lect in having the nm^inerr 
so good, and the reservoirs so large, as they should be. But Gom- 
mercial companies, anxious for money sueeess, and for that only, 
frequently fail from inattention to propter const.nictian, ixd 
especially to bidden constructions which the public never teft. 
In 1870 I returned to England, and, with Mr. C H. Driver^ 
arranged the Crystal Palace aquarium, with further improie* 
ments io machinery, and a still relatively greater resormf* 
This, too, has been and is bo very euoceissful that I have bicn 
called upon to supervise tbe constnietion of several other public 
aquana in Britain and abroad ; and to perpetuat-e my modet of 
operation, both in construction and management, I now take 
pupils, who, when called upon, are rc^y to undertake Uie 
curatorship of aquaria io a scientific manner. 

On March 1 last, Mr. W. S, Kent delivered a lecture in the 
rooms of the Society of Arts, tbe chief aim of which wae 
to show that not large but (relatively to show-tauk«) fmalt 
reservoirs are necessary, or even no reservoirs at all, Tim n 
printed in the "Journal of the Society of Arts'* of March 5 
last, and my unanswerable reply to it may he seen in Um 
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De journal of March 24 last. If it be urged that small 
re^rvoina mity be made to do m makeahifts, because money 
ttod ^ace for them cannot be afforded, there is some kind 



'J 



jMtTinff Liffg- 




^^ 




of reason in that* But if it be averred to the contrary as 
a principle^ then that indioates a singular amount of no 
knowledge whicht if possible, is iomethiug more than won- 
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derful. My arguments are founded on tbe clear and simple 
obviousness of the fact that a given quantity of dead organic 
matter diffused through a large quantity of water EuUieB it 
less than if it were sraall, and en the neeessity of main- 
taining an evenly moderate temperature for the reagonn already 
given, avoiding the high and low ranges of the atmosphere ; 
and I &hnw that the easiest manner of attaining this is by 
having a large reservoir sunk in the earth at a dietanee giviug 
a known temperature- Thus, referring to the sunk ther- 
mometers at the Qreenwich Oheerv^atory, with a thermometer 
haWng its bulb on a level with the scales of the sunk instm- 
ments, the lowest (January) mean monthly reading in a named 
year was M'^^ F., with a mean daily range of &9° h\ ; and imdier 
the same circumstances the highest (July) mean monthly read* 
ing was 6f>'9* F,» with a mean daily range of 1 0'9* F, Btii 
from the showing of other thermometers whose bulb§ are 
sunk in the ground to the regpective depths of one inch, three 
feet, twelve feet, and twenty-five feet, the temperatures becoine 
strikingly even for the whole year through — so much so, that 
at twenty-five feet deep the mean monthly reading of Jatiiiary 
was 52** >\, with a mean daily range of only 0-025"" F, ; and tlii? 
mean monthly reading of July was 49*0" F., with a mean daily 
range of but 0^06*" F», the higlxest mean daily range at that depth 
in any month of the year being O'O?'' F. in August- To apply 
thie to aquaria, I have made the accompanying diagram (p, 261 )i 
it beinp^ an ideal vertical section of an aquarium, consisting 
of a show -tank a, with its reservoir b in the earth, with an inlH 
supply-pipe c, and an outlet pipe n, the six arrows showing the 
direct irm of flow of water, E is a pipe supplying water to coin- 
peiiiwite tor evaporation, which, iKith for marine and fresh-wmtrr 
aquaria, should l>e diatilled water. For simplicity, the engine^ 
pumps, &c., which circulate the water are omitted, the showiag 
of results being alone aimed at. 

Supposing that im any part of an English year the temperature 
uf B would be 60^ F-, and that in summer a would rise to 75^ F. 
that would be much too w^arm for an aquarium containing 
British animale. Or it might in winter sink to 30^ F. or IcfiF, 
that would be much too cold. But. on a sufficient circulation 
>>eing established between a and B, then their mean tempera-^ 
tures would be expressed by the seven following formulas, vim- 
ing according to the size of B : — 



Formula No. 1. A 2 

•» »i 2. A 1 

1 „ „ 3. A I 

„ » 4, A 1 


. Bl 
. B I 
. B2 
. B3 


. Mean result 70* F. 
. „ „ 67^5' F. 

» n 63*7^ F, 

■ 


bL_ 
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Fonnula No* 5. A 1 * B 4 

6, Al . B5 

7. A I . B20 



Mean result 63** F. 
„ 62-5'* F. 
„ „ 60-7" F * 



Indeed if B were one hundred times as large as a^ and were 
kept at 50*" F*^ then a might be in an atmosphere at 212^ F. 
fthe heat of boiling water), and yet its water would be only 
52'12* Ft^and the most delicate English animals would live in it. 
At Nottiogham is an aquariam where the show-kink and re^r- 
voir spaces have had to be made as 13 ie to 1. From Biiu&eii's 
tables in his " Gasometry," page 288, may be ascertained the 
amount of atmospheric air which water in open vessels wiU 
absorb at given temperatures, the barometer being at 39'^; 
and I here reproduce his figures, having converted his Cen- 
tigrade scale into Fahrenheit and Reaumiu scale for the benefit 
of EngUshf German, and Spanish readers. 



I 







Bulk of water 
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Air 
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19 


« 15 2 - 00-8 , 
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, 0^0182 
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0-0170 


Ifi - 12 - 


59 
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And therefore as the more air there is in the water the better 
it is, hence the value of large and therefore cool reservoirg, In- 
pedendentlj of all this, however, the larger the bulk of water, and 
the more constant and vigorous tlie circulation and aeration^ the 
leas it will be sullied by the animals which live in it. In the 
Crystal Palace Aquarium we have in the show-tanks 20,000 gal- 
lons of Bea*water, and in the reservoir 100,000 gallons^ total 
120,000 gallons, supplied by Mn W. Hudson in 1870. Yet in 
this comparatively email quantity of unchanged fluid we have^ 
from Sept. 1871 to March 31, 1876 (four and a half yearsX given 
to the animals in it the following enormous quantity of food with- 
out the water being otherwise than always sparklingly clear ; — 



* The water in the Cmtal Palftce aquRTimn hfli ft very smftU mn^ of 
from 52* F. in Tery cold^ to 61*' F. in rery hot, weflther. Id April lft«t 
(1876) we had, at Sjdeohanit blue skjeflj a bright aun, and an oppr^spiTe- 
warmth, with 74° F. in the Bhade, on the 8th of the month* Od the 12th, 
four days after, we had a leaden firmament, and clouds of hlindlng- enow 
and sleet driven by a bitter nortb-eait wind, with the thermometer at 29° F,, 
giving ao great a range aa 45° F* within a week. Yet the water in the 
aquarium had a range of only P F, • 64^ F* to 5S**F, 
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1* 3aiidliopper» {TaiAnti}, in pounds waigbt , 

S. Shritop* (O'itHgan)i in quarts 
Ofabft {Carcmiu$) f in gallon* * 
„ (CflMfff-), lurgti 1 „ numbers . 
Scftlbps (P^ctm) large, in nmalwii 
OjBteTi ( Odrm) „ „ . * 

ti Cockles (€artimm)j m gallona 

7* Muuelfi (Mpfihtg) ^^ , 

Fiahj chiefly Wiliting ( Gadm), in poutidB weight 
Siuelta' roe {Ostnerus) j^ ,| 

Oieen aeaweud ( Ui&a), purchA»ed 



S. 



9. 
10, 

IL 
12. 



13 

4785 

137 

I4m 

nm 

3544 

7 

100 

aido 

14 
400 



(€mrferm)tgtQWti m teaki, quantity uuknowar 



And, in addition^ we obtain occasional wad unrecorded mf* 
pliea from neighbouring fishmongers when the regular gupplj 
runs ahortp Of thia animal food, all but the denomiBaliGOi 
9 and 10 are kept alive in a series of reserve tank^j till th« 
moment of being eaten. Scarcely any uneaten food^ and netef 
any excrement, ia manually removed j but all which it not 
consumed by the animals is chemically dissipated, witfaovi J 
filtering, by the enormous volumes of air constantly being iih 
jected into every tank by Leete Edwarda and Norman» ' 
machinery, the speed of which is accelerated {i,e^ the axj- 
geniition is quickened) when the water is slightly turbid from 
an excess of organic matter. All thia I have explained more it J 
length in the ^'Official Handbook to the Crystal PaUoM 
Aquarium,'^ and in " Ob8er\'atiotts on Public Aquaria,'* botB^ 
published at the Crystal Pala<^, It is this power of oiy*^ 
genating, or consuming, or burning, at a low temperat 
termed by Baron Liebig *' eremacausis,"* * which expresses 
real work done in an aquarium^ and the force necessary to do tt 
work. Even our thick beds of sand and ahingl© at the boti 
of each tank are so fully charged with air, that one thrust of I 
stick will release a pint of it in bubbles. This ia a 
purification and healtl) quite unknown till recently, 
tiuently the floors of our tanks (excepting the eea anegac 
tanks) are as speeklesi and as free from the blackness eau^ bf' 
sulphuretted and carburetted hydrogen gaja, as on the day tlwy 
were laid down in 1870. If we have an excessive growth of fei* 
weeds anywhere, we turn in a shoal of grey mullet (Mugil 
capito\ who nibble it down close, like slieep in a field of gi»» 
This leads me to say that at present we do not know bow lo 
grow the higher marine alg^e, the redj the brown, or even tie 



* From tlie Greek '*to mmove by bumiafr, or by fir».'* 
^ ciUAtic " Mid " onuttr^ ** biive the Sftme dt^rivation. 
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green kiiids, mt vUL 
chanee^ nol knowing vlir* 

Of tbe genenl iMfiv 
evideooein Mr.Gi—c^ii 
for the Britisli Ue%'' pabUiedi 
which the aatbormnieiitet IJTSSi 
and of which he igna 779 £»«, mtvi^jm fmi l Uiiu g la imrn 
from Mringaiiiiiiab whenever povUcL Now, isttl thsl periods 
lai^er number of aqiBiiimi munskhnd piiTd thnii^ hk hMds 
ib&n through thoM oC inj otho^ peDon, he bmj be pteaoaied 
to h&ve, up to then, leen mote of them aUre tl^ injuve ebe. 
Yet he enumerates oqIj 201 as haiing been drawn &om liSe^ as 
be avowedly preferr^ doing, and of Ihese b«it a doten wer^ 
fishes, others h^ng, for the n&oet part^ small creatuies, or those 
which are easilj maintained, and do not need laige tanks mad 
elaborate macbineij. Bitf, dnoai; the twentj Tears whi^ 
have elapged Ance 1&56^ I have seesi and handled, and bad 
under my care^ in England, France, and Germany, about 4S3 
species of BritUh marine animalu, of which 112 were fishes. 

There are few things more trying to that great virtue — 
patience — than a large public aqimrimn, egpeciatly in its pre- 
paration, before it is ready for the reception of animals. It is 
to this lack of patience on the part of the directors of the 
fioyal Westminstar Aquarium, and to their absohite refusal to 
idlow me to have proper engineering assistance during its con- 
struction, and to general miMmanageEnent^ that its present oon^ 
fused state, and its unsatisfactory condition in every way, is 
due* On this account , I resigned my post of adviser to the 
society, as I found it useless to advise when advice was reck- 
lessly disregarded. Aquarium work, being hydraulic engineeriug 
on a small scale, is essentially the work of an engineer, aud 
not that of an architect, unless he is also an engineer and a ma- 
thematician. There is for aquaria a great and important future, 
both as regards their influence on science, and as pecuniary 
speculations, if indeed, aa 1 much doubt, there c^n be any real 
severing of th^e two interests. Success, however^ must always 
be the result of a careful study and representation of what 
nature doeA» and of a strict avoidance of the recent heresies to 
which I have in this commmiication adverted. 
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SPEAKING at Nichokiev in May 1875, before an audienc* 
chiefly composed of officers of the imperial navy, Aciminrl 
Popoff briefly but clearly set forth the principles which have 
guided the RusBiao Governmeiit in the reorganisation of it* 
navy &ince the Crimean War. The resources of Hugsia, bl 
said, did not permit her to undertake the construction of an 
offensive Hdivj — a fleet of huge lineK)f"battle ships. It wm 
therefore decided that the object to be held in view ihould be 
the formation of a strong defensive fleet, bo powerful ag to be 
able to protect the coasti of Russia from any paiieible coalitioii, 
and in 1B71 he submitted to the Admiralty at St, Petefsburg 
designs for what he suggested should be the typical form for tb^ 
rfiips constructed for tlwB coast defence of the empire. Admiral 
Krabbe approved of the projeet; tJie ship was laid down at 
Nicholaiev, the great naval arsenal of Russia on the Black Sea ; 
and three years after the Kovgm'od^ the first circular ironclad, 
was Jaimched upon tlie Boug; and a few months later, fully 
armed and equipped, steamed down the river to the Bla<;k Sfa, 
and made a successfiil voyage to Sebast^poL A second shipi 
origioally called the KUv^ but named on launching the AdTirimd 
Popoff, in honour of her inventor, was begim and completed 
shortly after the Novgorod ; and these two cireular ships now 
form the principal strength of the Black Sea fleet. 

Mr. Reed, the late chief constructor of the British n*vy, froi 
the first urged the considemtion of the structure of thi 
new vessels upon public attention in England. They wcsre 
avowedly a further development of the principle which he 
adopted in shortening the length and broadening the beam la 
the later ironclads which he designed for our navy. He ^w tlie 
keeU of the Novgorod laid at Nichokiev ; in "Naval Sdence 
he devoted several articles to the new shipg, and publiilied thi 
first drawings of them which appeared in England* lmi\ 
imn he went to the Black Sea, made a voyage in one of th« 



I 




POPOFFEAF, OE ClBCrLAR IHOHCLABg. 



267 



Popo3]£as, And degeribed her performaEicefi in the remaf kable 
ietters to the "TimeB,"' which at length attracted general attan- 
tioD to the subject ; and then, on Feb- 4, he gave a full account 
of the circular ironclads in a paper read before the Hojai 
United Service Institutioii, in which he spoke of the introduc- 
tion of this new type of Tnan*of-war into a European navy as 
^^rking the beginning of a revohition in naval architecture^ 
The PopoflTka was originally designed only for coast defence ; 
f*Ut Mr. Reed would have us make such vessels, with or with- 
out certain xnodiftcations, the type of the line-of-battle ship of 
be future- We propose to review the subject here; but, as the 
\ipoffkas have been m fully and so recently described, we 
leed not enter into the details of their construction at any great 
ength- 

Tbe Popoffka is, roiigbly speaking, a saucer-shapf^l ship, 
Vith the exception of a slight projection at the stem, the ship 
in outline a perfect circle. The deck is about 18 inches 
ibove the water, but curves upwards towards the centre to a 
leight of about 4 feet. The bott4>m it* flat, with several 
Karallel keels, but its diameter m much less than that of the 
eck, and the side curves upwards, any section of it being a 
uadrant of a circle whose radius is equal to the depth of the 
tiip- In the centre of the deck is what has been called a fixed 
umet, but it is really an open breastwork over which two 
eavT guns fire en brirbette. The deck, the breastwork, and the 
ides of the ship* are all arraoured. In front of the breastwork, 
b what is calleti the bow of the vessel, there is a lightly- built 
>reca8tle^ and before this hang the anchors, the cables passing 
ito it through hawse-holes^^ and thence to the chain-lockers. 
'he two funnels are placed amidships, one on each ^ide of the 
eck. There are six engine^ eaeh driving a screw, the six 
!rews being arranged three on each side of the nidder along 
tie stemward part of the circumference, the screws working 
idependently, and the shafts being laid parallel to each other 
Qd to the line from bow to stern. On each side of the 
iameter there are two boiler-rooms each containing four 
oilers* The engine and boiler-rooms and coal-bunkers occupy 
he stemwarcl half of the ship. In the middle are the powder- 
lagazine^ and the shot-and shell-rooms, and in the forepart 
re the chain-lockers, water-tanks, and store-rooms. Above these 
nd in the forecastle are rooms for the crew, the officers' rooms 
leiog placeii in the centre of the ship under the breastwork. A 
massage runs round the ship^ another traveri^es her longitudinally, 
jid these form the chief means of comrauni' ation under the 
ipper deck. The armour on the sides of the Novgorod is from 
^ to 11 inches thick, including an allowance for the hollow 
ron girders filled with teak which form the backing* The 
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armour of the breastwork is 1 1 inehes thick. The thickn 
of the side-armour of the Admi/ral Popoff is from 16 to I 
iDches, the breastwork beiag protected with IS-iuch armrmr^ 
The armour is carried to a depth of 44 feet below the wat^^r-line.^ 
In both vessels the curviog deck is covered with armour 2 ~' 
incheij thick, this thickness being considered quite sufficient t 
rediat shot which must necessarily strike at low angles, as t^ 
Popoflfkas are not intended for the attack of fortresseis- Tlx 
two guns in tbe breastwork are mounted on a platform whic 
revolves on a central upright a^cis ; this axis is hollow, and in 
action the charges for the service of the guns are passed ap y 
through it. The recoil is regulated and stopped partly by hydrau- ■ 
lie compressors, partly by wedges in the back part of the sUdef* ^ 
In action or in stormy weather all apertures are closed except 
thoae within the breastwork. Through these the ventilation ol 
the ship is kept up, the air curreuts being formed by revohi0if 
&IIS. A light rail runs round the deck, and there is a bridge 
aft of the bre^twork and level with the top of it. The engiae- 
room hatchway is under this bridge^ and the combings 
carried up to it, so that it is safe from iMsing flooded by the 
which, from the extremely low freelx>ard, miiist frettuently break 
over the deck. 

The principal dimensions of the two ahipi are as follows ;— 





N^rpgortti 


Admtfxit f*»^f 




Wi. Im. 


Ft. Im, 


Extreme dmmeter . . , , 


101 


121 


Diftiiieter of Hdt bottom 


70 


00 


Depth of bold . , , . . 


13 9 


14 


Draught of water {J^'"^^ * ' 


la 2 

IS 2 


12 
14 


Height of top or brejii»twork ahore 






the watef*Uiae p . . . 


12 


la a 


External dtameter of bnsaatwork 


30 


34 


Dieplacemeiit . . , * « 


2,100 tOQA. 


3,550 tow 



The nominal aggregate horse-power of the six endues ii ii 
the Novgwrod 480, in the Admh^al Popoff 640, But the actiu 
indicated horse-power is very high, that of the Kovgoroii ut fill 
speed being 2,270. The capacity of the coal-bunkers is ver 
smalt ; the Novgorod can curry only 200 tons, the Admm 
Popoff only 250, Tlie former ves^ has a crew of 1 10, 
Utter of 1 20 ofScers and men. 

The highest Bpeed ever attained by tte Nopgarod was 
knots, with an indicated horse-power of 2,270, Her ordiDait^ 
speed is ahout 6^. The^e are important tigured, for it ii on 
these data ihat the whole question of the eflkieojcy or immi* 
'^ciency of the Popoffka m a ship of war must depemi. Wi 
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ftball examine this question from two points of view — first, what 
is the value of the Popofifka as a vessel intended for coast 
defence in the shallow waters of the Blaek Sea, or the 8ea of 
Azov ; and secondly, is the Popoffka eystem applicahle to vessels 
intended for ordinary warlike purposes and for naval operationB 
In the open sea? 

Now it must be quite evident that the Novgorod and the 
Adwiiral Popoff are not ships at all, hut only floating bat- 
teries of novel eonstruetion. Even the maximum speed of 
8| knots obtained by the Novgorod on a special occasion is a 
low one ; lower still is her ordinary speed of 6^ knota. Their 
coal supply is so small that they cannot cruise, but mnst simply 
'Ilie it U) reach some station selected for defence, and then to 
%ork their ventilating fans and gun-platforms. The low 
circular hull is little better than a movable pontoon floating 
the breastwork and the guns. The Popoffka, if she sought an 
action, could not overtake the slowest ironclad in any European 
navy ; or if she wished to avoid one^ she could not escape, A 
h fictile ship could choose her own position and distance in 
fighting her ; and if an enemy chose to use his ram, the 
Popofina^ with her inferior speed, would find great difficulty in 
avoiding it, let her work her six screws as she would. The open 
turret or circular breastwork offers very little protection to the 
men working the guns. The two 28-ton guns of the Novgorod 
are mounted so as to fire en barbette — that is, over a breast- 
work which haa no portholes — so that the men are continually 
more or less exposed to fire* The 40-ton guns of the Admiral 
Popoff are in a better position, for they are mounted on the 
disappearing principle; but in both ships the crews of the 
guns would be exposed to bursting shells ; and in addition t» 
this, in the Novgorod the men at the guns would suffer from 
showers of shrapnel-balls at long ranges and rifle fire at close 
quarters* Again, there is no overhang at the stem to protect 
the six screws. In fighting a single antagonist or defending a 
narrow channel, the Popoffka would, of course, protect her 
screws by keeping her how to the enemy ; but if she had to 
engage more than one hostile vessel, her whole motive power 
might be destroyfii by a few well-directed shots. 

It is ^sj enough to say that an overhang could be added to 
protect the screws, and that a clos^ turret could be substituted 
for the breastwork, but the mere fact that this has not l>een 
done by Admiral Popoff ia enough to show that serious difficul- 
ties stood in the way of such an arrangement. And it is quite 
evident in what these difficulties consigt. The ships have been 
l^oilt to carry thick anuoiu- and heavy guns on a light draught 
and small displacement. For this the circular form was 
adopted, and to this every other consideration was eacrifieed. 
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Now tlie addition of the overhang and extra welghu in tK^ 
turret would have to be compensated by a decreaiie in [W 
weight of armour and guns, or there would be an Incr^a^e in 
the draught of water. Moreover, the adoption of tbe ek>satl 
turret would have to be attended with numerous serious madifi* 
cations in various structures on the deck. At pre«eutij hf 
adopting the biirbsUe arrangement, the only obstacles to an all- 
round fire are the two funnels, one on each aide ; and of eourj® 
it is eaiy for the Popoffka to take such a position with reipH:t 
to the object aimed at that the funnels are kept out of the lim 
of fire* But if a closed turret were substituted for the breaisU 
work, the guns woidd have to fire through portholes, and eiihtt 
ttie turret would have to be made much higher than the present 
bi'eastwork, so as to have its ports 12 or 13 feet above tie 
water, or the forecastle, the bridge^ and tbe high combings «f 
the engine-room hatchway, would haire to be lowered or done 
away with altogether. Now this forecastle plays a very m* 
portant part in tbe economy of the ship. It contains the chief 
quarters for the men, and it protects the upper deck from the 
immense bow-wave raised by the blimt circular bow as it i« (i*) 
to say) forced violently through the water when the ship it 
under steam. "The forecastle/ eays Mr. Heed, **of coiiriit 
adds greatly to the buoyancy forward when the sea rises thef« 
upon the vessel, and I do not think even circular vessels of vcjj 
low freeboard could be steamed against a heav7 bead-sea with* 
out such a forecastle, more especially, as we shall see hereaftt-r, 
when driven at a high speed," The forecastle, then, and the 
other deckhouses, must be maintained ; so that if we an& t4j 
remove the badly protected open breastwork, and substitute ^ 
closed turret for it, that turret must be of great height, aiidinfc] 
largely to the weight carried by the vessel, increasing hen 
draught of water, and thus taking away from her one of her km 
advantages. 1 

We have marked out the want of speed as the chief defied oq 
the Popoffka system, and necessarily closely connected witM 
this is the small coal-carrying power. A round ship oioltfl 
indeed be driven through the water at a high speed, and m 
could a square one for that matter ; but this is not the poiad 
at all. The shape of a ship is, of course, one of the maiflJ 
elements in a question of speed ; the others are her flniught ct 
water and the power of her engines. On her shape chieflj 
depends the amount of resistance offered by tbe water. Leav*' 
ing the question of draught of water out of account, rc^isitanot 
is least in a ship built on such lines that her horizontal action 
at the water line generally corresponds to the wave lines fonneJ 
by the water as it is parted by the bow and unites agatd 
ustern. In the case of a short ship with a broad b6am« likJ 
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many of our ironelads, when steaming at any high speed, for 
want of this corre3pc:>ndence of the lines of the ship and the 
natural course of the wave lines, the watar is piled up round 
the bow?, and forms the bow-wave which floods the forward 
portion of the decks of low freeboard ships like the Devaata- 
lion. Thia bow-wave ia a kind of visible index of the resist- 
anoe of the water, and in the Popoffkaa it iDcreaaes to the 
enormous mass of water which in a rough sea rises on the ship 
and makes the high forecastle a positive necessity* The bow- 
Wave is a matter of some importance viewed in this light, and 
Mr. Heed's joke about people being anxious that the water 
should not be knocked about by his shortened ships islittle to the 
purpose ; for the bow-wave simply means that the short-broad 
ship finds it more difficult to get through the water than her 
^r competitor, and the round PopofiFka finds it most diffi- 

it of all. The circular shape, so to say, handicaps the 
engines ; they must have a power out of all proportion to the 
speed obtained. To rise to a high rate of speed, the weight of 
enginea, boilers, and fuel would have to be enormously in- 
creased^ and the weight of guns and armour reduced in a corre- 
sponding degree, or else the draught of water would have to be 
augmented. And with the adoption of either alternative, the 
special object for which the Popoffkas were designed would 
"have to be sacrificed. Little if anything would be gained by 
giving the ship a larger diameter, and thus increasing her 
floating power ; for the greater the diameter the greater the 
resistance of the water, and consequently the more powerful 
and the heavier the engines that would be required. This 
increase of resistance with the increase of diameter is also the 
fatal objection to the proposal of a lightly- built outer ring to 
contain bunkers, which would supply the present deficiency in 
coal-carrying power. 

This question of speed and engine-power ia, we believe, the 
real test of the whole matter, Mr, Reed, of course, recognises 
tbe fact ; and in his lecture or paper, read at the Royal United 
Service Institution, he endeavoured to prove that " the circular 
ironclads have started with a much less proportion of steam- 
power to citadel armour and guns than has usually been given 
to ironcladsj and not with an enormously greater power.'* To 
our mind his facts and figures disprove his conclusion. He 
acknowledges that, '*a3 compared with ordinary forms^ the 
power required to drive at high speed a circular ship of equal 
displacement would probably be from two to three times that 
required for an equal displacement obtained on ordinary lines, 
or even more.^' Eutj he said, the displacement did not offer a 
true basis of comparison ; such a basis was to be found in the 
proportion of steam power to the weight of guns and armour 
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carried. In other words, in the praportion of propelling powflr 
to the fighting power of the vessel propelled* With this wi 
readily agree. Let ug now examine Mr. Heed's figures, as pven 
in the report, of his lecture. He first took weight of giinf* and 
armour of the Novgorod^ and the Ifa^rrior, and the Defenctif 
which he ielected bs types of ordinary ironcladi, and with thii 
weight he compared the indicated horse-power at tull ipeed. 
We give his tabulated r*^ults, merely adding to them the s^jeed 
obtained : — 

Weight of annouT and f^nB protected > 806 tona 1 ,100 tiw. 700 vssl 

Indicated horae-power ftt full ip&ed . 2^70 fi,470 2,fi00 

Proportion of power to weight drif en . 2 8 to 1 4 9 to 1 3*5 to 1 

Speed obtained * . . . 8^ knoU 14'35 knots lliSbiott 

A little later on he made a similar comparidon with the Pnn9t 
Consorif the figurcB being :— 

Weight of armour and guns protected * 800 tons 1,080 icmi 

Indicated horee-power at full speed , 2,270 4^'i4 

Proportion of power to weight driven , 2 "8 to 1 3 9 io 1 

Speed obtained , « « . . S| knota 13 knoU 

Here there is no real comparison, Mr» Reed should hife 
taken, not the indicated horse-power of the Warrior^ Drfmid^ 
and Prince Constrrl^ at full speed (that h. at froTn 1 2 to 14 
knots), hut their indicated horse-power at 8 J knots, the speed 
of the Novgorod. As everyone at all conversant with the mil*' 
ject knowi, and as Mn Keed himself has thown very clearly in 
his work on '* Otu- Ironclad Ships," the indicated horse-powet 
developed in obtaining the fuU speed of a ship is out of all pro- 
portion to that developed for a spee^i of even two knot* lower, 
the indicated horse-power at 14 knots being often double that 
at 12 knot«; a Btill greater difference would be apparent if we 
were to compare the indicated horse-power at rat^ of speed «• 
different as 8^ and 14 or even 12 knots. Bearing this prin- 
ciple in mind, it ia evident, even from Mr, Seed's figures, that the 
Popoffkas have been provided with engines relatively fer 
powerful than those of our fleet ; and the shipa Mr, Eeed 
chosen for comparison are some of the oldest of our imntladsii 
for the Warrior was launched in 1860, the Defence in 186U 
and the Prince ConBort in 1862. Why not select for this pat* 
pose some more modem vessel, with improved engines and i 
leally hea'iy armament ? We shall do this here with one of 
Mr, Ileed'a own ironclads, and following hie method of inveitJ- 
gation, but taking not only the full speed, but a lower speed 
iiIjk) of the EngUsli ship ; and we select for this purpoae the 
'ViTuieSf a ship deigned by Mr* Ileed^ on the central bftttefj 



POPOFFKA^, OR eiBCULAR IROKCLADS, 



273 



fyitem, and kunclied in 1870* Sho is armed with 18-ton giinaj 
and protected with Q-inch armour. 

Let us take first the Nereides ^ at her full speed of between 
14 and 15 knotsj and compare her with the Novgorod : — 



Weight of nrmour and guns protected 
Indicated hora^power a£ full apeed , 
Proportion of power to weight driven 
FuU speed obtained . , , . 



800 tons 
2-8 to 1 



1,634 tone 
8,520 
5-5 to I 



. 8| knots 14-601 knots 



Here, if we were to lea%^e the difference of speed out of aGcount, 
it would seem that the proportionate engiue-jwDwer of the 
Novgorod is only half that which is given to the M^rcuieB^ 
whereas really the proportion lies the other way, and the 
Popoffka has to employ engines relatively more powerfid than 
those of the Hercules to obtain a much lower speed. This will 
be clear from a comparison with the Hercules goiDg at a little 
more than 12 knots an hour, tbe first real comparison that we 
have had yet, for here is something like equality in at least 
one of the elements : — 



Weight of armour and guna protected 
Indicated hors&-power 
Pit>poition of power to weight driven 
Speed obt&ined 



806 tona 
. 2,270 

. 2-8 to 1 
H 8 J knots 



1,634 tons 
4,045 
2-6 to 1 
12^123 knots 
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So that with a lower proportion of engine-power the Hercules 
obtains a speed more than 3^ knots higher than the full speed 
of the Novgorod. This^ we think, clearly shows the lallacy 
of Mr- Reed's argument, drawn from the indicated horse- 
power at full speed of three of our oldest ironclads. We 
beHeve that these statistics of the performances of the engines of 
the Hermtles at 12 and 14^ knots as compared with those of the 
Novgorod at 8^ knots, prove incontestably '* that the circular 
ironclads have started with a much '* greater ** proportion of 
steam-power to citadel armour and guns than has usually been 
given to ironclads," the point which Mr, Reed endeavoured to 
disprove at the Koyal United Service Institution on Feb. 4. 

We arrive, then, at these conclusions. The Popuffkas, on 
account of their low rate of speed and small coal-carrying 
power, are necessarily adapted only for coast defence, and 
operations within very restricted distances from a port of 
departure. They can neither escape from, overtake, nor 
manoeuvre against an enemy who has a high speed at his 
di^posah They have engines much more powerful than those 
given to ships built in the ordinary way, and a high speed can*- 
not be given to them without an enormous increase of engin©- 
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power, wbieli would necessitate a deeper draught or a lighten 
artoament. If the ship ia made larger to make room for theaw 
hea\'y eugines and the refjuisite boilers and coal-bunlcem, theffl 
will necessarily be a corresponding increase in the difficulty dU 
forcing the great curved bow through the water* The screml 
are unprotected, the men working tbe guns in the open breajl^^ 
iFork are veiy imperfecta sheltered, and the structure of tbifl 
Popoffka makes it difficult to subatitute a closed turret, ThsM 
ship, then, cannot cruise ; and even for coast defence she is a vaiw 
imperfect engine of war< For the latter purpose gimhoatiofl 
the Stauiwh class would be equally, if not more, efficient., Th€8M 
gnnboats are small, low, unarm onred vessels, carrying one gun ufl 
the bow* Being fought bow-on they present a very small mark tofl 
an enemy ; and if the gun were mounted on tbe MoncrieJB 
principle, the gunners would be at least as well protected afl 
those who will man the open breastwork of the Novgoro^^ 
There would be no cUfficulty in mounting and fighting a gun of Sfl 
tons or even more in a gunboat of the Staunch class ; the IB-toA 
gun is the hea\ieet yet mounted in these gunboats in our navyl 
but Messris- Armstrong are, we believe, now constructing for fl 
foreign government one which will carry a 25'ton gun* Then 
gunboats have twin-screwB, the gim is pointed by means of the 
helm, and with a bow-rudder the gunboat can reverse her 
engines and nm astern fighting her gun, and still keeping hs 
propelling power protected by being turned away from the 
enemy. Additional protection for the engines could be eecicrei 
by the use of one or more armoured bulkheads. We have Uiitf 
already in our imvy a good type of a small light-draught vmaA 
for coast defence, and we do not see what further advantage if 
to be obtained by the adoption of the Popoflka syBtem. 

Ab for Mr, Reed*a suggestion that we should adopt th« 
Popoflfka m a central citadel for a eruiiierj with a lightly- ^ 
Ikjw and stem added to it, it must be considered on qu 
diflTerent basis. The system of an armoured central ettadel with 
unarmoured ends has already been adopted in our nairy, tod 
very highly developed in the plan of the Injfexibk^ which we 
dejscribed in these pages in January last. There is no prohibi- 
tory reason why the central citadel shoidd not be round instead 
of oblong, as in the HercuUs and the Infls^hle ; but, for oiir 
part, we prefer the oblong form as aftbrding more ro<»m and 
fitting more easily to the ordinary form of the ship. But suet 
nhips in any case would not be Popoffkas ; and the real niir-'- - 
with regard tf> thera would l>e the old one of the retutivetn 
of short- broad ahipe and ships of ordinary proportions— a ,11, 
which we do not intend to tliscnss here. We have endeav nr li : 
show that the Popoffka u practically a useless form in u 1^ 
architecture. We have only touched upon a few point^s. : .' 
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these are sufficient. Certainly they are the most important, 
and we believe that they are the crucial tests of the efficiency 
or non-efficiency of the system. The whole subject is being 
experimentally investigated by Mr. Proude on the part of the 
Admiralty; and when his report is published we expect that the 
public will be in possession of a judgment upon the Russian 
circular ironclads very different &om Mr. Seed's. 
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ON THE EXTINCT ANIMALS OF NOBTH AMEBIC 

By Profissor WILLIAM IIE?rRY FLOWER, F.R.S. 
[PLATE CXXXVin.] 



FEW branches of knowledge have received greater Bcoeedom 
dnnng the last few years than that of the past history of 
the living creatures which have peopled the eaith. 

I propose in the present iustance to call attention to somt 
of the results that have been achieved, mostly within the last 
four or five years, by a small but energetic band of erplofoi 
upon a limited part of the earth's surface i results the greatuM 
of which already is ooly equallcMi by the promise they givi of 
future still more important extensions of knowledge- 
It is mainly through the agency of the admirably conducted 
geological and geograpliical isurveya of the Western Territories, 
made by the United States Government, under the direction of 
Dr, F- V. Hayden, that the subjects to which I shall refer b.ivr 
been brought to light; surveys which are giving to the world, 
in an excellent series of publications, rich fiinds of infonnatioo 
upon the physical geography, mineralogy, geology, palaeontology, 
zoology, and botany of that hitherto little known but mo^ 
remMkable region of the earth embracing and bordering the 
great range of the Rocky Mountains, For the special know- 
ledge which wo in England possess of the vertebrate (o^Ah 
which have been discovered by these surveys, we are gieadf 
indebted to the excellent descriptions of Professor Joseph I^^iJj 
of Philadelphia, who in two large and beatitifully illustrated 
volumes* has given the results of his investigations upon them. 
More recently two other naturalists. Professor E, D. Cope of 

• " ET^tioct MAmtitnlian Faunn of Dakota and Nebraaku* ^nth a Synoptt* 
of the ManimftHfin Rt-niaios of North Ammca,-' ' Jamu, AcawL Nat, Sci^a 
Pbilad^lphiJi^ 18^10; luid ^^ Cofitrihutions to the Exiincf %Vrt<-l)rmte i 
of the Western Territories," * lieport of the U, B. Qnologicnl Survi>y i 
T«iTitori«ip' WmtbiDgtcm, 1873, 
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Philadelphia, and Professor 0- C. Marsh of Yale College, have 
taken the suhject in hand, both as explorers and describerg,* 

It must be premised that the material has come to hand so 
lapidly during the last three or four years that most of tha 
information which lias hitherto been given to the world, egpe- 
ciallj by the two last-named pal£Eontologi9t«, is in a very pi'o-* 
vigional and fragmentary state ; and that until the flood of new 
discovery begins to ebb, and the few labourers in this plentiful 
Jiarvest- field have leisure to prepare careful, elaborate, and, 
above all, well-illustrated descriptions of the specimens, we 
shall remain in much uncertainty about the real nature and 
relation s of many of the animals of that strange old fauna, 
Lttiuch at present are to us little more than names, 
^ I must presume that readers are familiar with the main 
epochs of time into which geologists have divided the earth's 
history. For the present purpose we shall only have to refer 
to the latest of these, the Tertiary, representing how many 
lllpllions of years we cannot say ; and which, for convenience, is 
f^^erally subdi%ided into four sub-epochs, the Eocene, the 
Miocene, the Pliocene, and the Pleistocene, the end of which 
brings us to the period in which we now dwell. Of couree it is 
not implied by this division that there was any sudden break 
or intexruption of the steady course of the world's progress 
between these periods. They are merely artificial and arbi- 
trary, though convenient stages, and pass insensibly one into 
the other ; but without the use of some such terms we could 
not fix the epoch of any particular event or set of events* In 
geology we know nothing of centuries. We have no kings' 
reigns, as in political history, to mark the course of time, so 
we speak of "ftliocene" much in the same vague kind of sense 
in which we speak of the '* Middle Ages " in our chronology of 
the historical events in Europe, 

The first evidence of mammalian remains in strata of Miocene 
age in Western America was that made known in 1846 by Dr, 
Hiram A* Prout, of teeth then supposed to belong to a gigantic 
species of Palm}tkeTium^ and subsequently described by Leidy 
under the name of Titajwtkermm. This was the commence- 
ment of that interesting series of discoveries, which have now 
made the " Mauvaises Terres," or " Bad Lands," of the White 
Kiver of Dacota, classical ground to the palseontologist. But 
it was not until 1869 that the older beds on the western side of 
the Eocky Mountains were explored, and the more ancient 
Eocene land fauna of North America brought to light. In that 

" I am glad to take the opportunity of tbaakitj^ Ppofessora Hay den j 
Leidy, Slai-Bh, and Cope, for tbeir kindness in sending me copiBS of all thek 
niuneroui memoirs bearing upon the subject of this aitid^. 
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jear commeBced the ciploratious in the vicinity of Fd 
Bridger, a military post situated in the south-west comer 
Wyoming Territory^ which have yielded such an ahuncf 
harrest^ and the locality of which is thus gmphically descril 
by Professor Leidy i — 

** Fort Bridger occupies a situatioo in the midst of a wide 
plain, at the base of the Uintah Mountains, and at an altitude 
of nearly seTen thousand feet above the ocean level. The nelgb- 
bouiing country, extending from the Uintah and Wahsat«h 
Mountains on the aouth and west to the Wind River Eange oo 
the north-^ast, at the close of the Cretaceous epoch, appears to 
have been occupied by a vast fresh-water lake. Abundance of 
evidence is found to prove that the region was then inhabited 
by animals as titimerous and varied as those of any other ^uim, 
recent or extinct^ in other parts of the world. Then, too^ a rich 
tropical v^etation covered the country, in strange contnisi i^ 
its present almost, lifeless and desert condition. 

" The country appears to have undergone slow and gnidtial 
elevation; and the great Uintah Lake, m we may designate it, 
was emptied, apparently in successive portions, and after long 
intervals, until finally it was drained to the bottom. The 
ancient lake-deposits now fonn the basis of the country, and 
appear as extensive plains, which have been subjected to a gieii 
amount of erosion, resulting in the production of deep vallefl 
and wide basins, traversed by Green River and its tributaries, 
which have their sources in the mountain lioundaries. From 
the valley of the (jreen River the flat-topped hilU rise iJH 
Bucceesion, as a series of broad table-lands or teira^jes, axtendtag 
to the flanks of the surrounding mountains. 

**The fossils which form the subjects of our comm^unicatioa 
for the most part were derived from the more superflciAl 
deposits of the great Uintah basin, which Professor Hjayden Im 
distinguished as the Bridger group of beds. These compose 
the terraces or table-lauds in the neighbourhood of Fort Bridjfer, 
and consist of nearly horizontal strata of variously^coki: ^ 
indurated clay^ awd sandstones- As the beds wear, thr* ^ . 
atmospheric agencies, on the naked declivities of the 
topped hills, the fossils become exposed to view^ and turn l>i<' 
down to the baije of the hills among the crumbling d^ma of 
the beds." 

The immense length of time that this ancient lake has eristii 
may be inferred from the fact that the mud or sand depoeitdl 
in it has accumulated to more than a mile of vertical thick r--^ 

It is from this and from neighbouring localities sy^teii! 

ly explored only during the laat four or five jctars, l>ot i 

Government surveys and by expeditions organised ivi 
irpom from Yale College, that most of the remarkable ammafe 
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^fc*ibiited to the Eocene epoch have been abtained ; although 

IDI more recently fossiJiferoua beds of the same age have been 

ifiscovered both in Colorado and New Mexico, so rich as to giva 

hopes that we are still only on the threshold of our knowledge 

of the woaderful fauna of the ancient American continent. 

Besides the extenaive and older known IVIiocene and Pliocene 

beds between the Kocky Mountains and the MiBSOiuri^ others of 

jijprresponding age have been discovered west of the Blue 

^oimtains in Eastern Oregon, 

I must now pass in successive review some of the principal 
groups into which animals have been divided by naturalists^ and 
ibow what is known of their past history on the great North 
American continent, I am aware that the summary I am about 
to give will be exceedingly imperfect, partly on account of the 
limited time allowed in one discourse, and partly on account of 
tlie difficulty of extracting a connected account of these 
discoveries from the exceedingly numerous notices in which 
they are described^often fragmentary and disconnected, and 
even contradictory, and scattered through a variety of periodicala 
and reports. As most of these descriptions are put forth by 
their authors as '* preliminary," to be superseded by more 
elaborate and detailed work hereafter, so must this notice of 
them be regarded. It will at least serve the purpose of calling 
attention to the importance and interest of this comparatively 
new field of research. 

The first group to which I will direct attention, as it is 
that of the ancient history of which we have more complete 
knowledge than of any other, is the large order of Unf^ulatay 
or hoofed animals ; and first among them I will consider those 
characterised, among many other distinctive peculiarities, by 
the uneven or perlsaoddctyls structure of the foot, represented 
in the actual fauna of the world only by the three families of 
Horses, Tapirs, and Rhinoceroses^ — animals dififeriug very con- 
Biderably from each other in general outward appearance, and 
yet ha\ing many important common characteristics. 

It is well known that in the Old World, species of this group, 
very intermediate in characters to those now existing, flourished 
in the Eocene age^ Cuvier's grand researches in the Paris 
gypsum beds, which laid the foimdation of the study of mam- 
malian paleontology^ reconstructed the form, now almost as 
well known as that of the existing tapir, of the Paktoiheriwm ; 
and numerous alhed species have since been found, not only in 
France, Switzerland, and Germany, but in the corresponding 
beds in our own country. But in America, before 1869, not a 
single Eocene Perissodactyle had been discovered. In fact, as 
just mentioned, no Eocene beds containing the remains of 
terrestrial animals had been explored. Since ihiit d-aXj^, V*^^* 
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ever, it h^ beeo aaeertained ifaat tlia n^gion id uhieb! 
stupendoiis mofuitaln iKngt^ of western Ni*rtli America 
ance been elevated weie tenanted bj animalg af similar foria 
and character^ aod quite as Tazied m species and as tiutneitiu^ 
in individuab as iboie which at a corF^ponding peiiod of time 
langed thicktigh the marshes and foi^sts of the Fans and London 
basins. 

I^one of theie appear to be identical specifically with the 
European forms ; and even the generic indications, being oltea 
founded on very limited portions of the oiganisation only, ai 
a few teeth, must be regarded as providonal. Many trere im- 
doubtedly quite distinct from any irhich we know from tbe 
Eastern world- It would be useless heiie to give a catalo^^JC <it 
the generic and specific names which have beeu given to tlie 
animals of this groxip abeady discovered, A brief mentian ai 
the most importajit and interesting will suffice. The two best 
known genera are tliose named by Leidy Hifrack^us and 
Patcwsyops ; the former is allied to the JjOphiodons and Tapirs^ 
the latter to the Pal^othoriums. They both embrace animals 
in size varying from that of a small rhinoceros down lo a 
peccary • The numerous modifications and combinations of 
characters found in forms apparently allied to them, which are 
little known to us at present except by the names given to tham 
by their discoverer, will doubtless afiTord for a long time la 
come materials for the minutest scrutiny* Some appear to !« 
allied to the Europeao Laphiodmi and HyviimtktTiUm^ one of 
which Oroklppus (Marsh), seems to connect tht^e forms through 
MiokippuB and Mesoh^ppus with thehtyt^^-likn Anchiikerium^ 
and thus fill a link wanting in European formations in Uie 
pedigree of the Equine family* This animal, like so 
other of the Eocene Perissodactyles^ resembles tlie m' 
tapirs in retaining the fifth digit on the fore-foot, though, 
in all known members of the group, the first was* wanting, an' 
both first and fifth were wanting to the hind-foot. Several 
species are described, but none larger tban a common foic- Oi 
form only, Dlcsratherium (Ararsh)» is rhinocerotic. It is founi 
in the uppermost Eocene strata of Utah, and gives the earliest 
indication of this group yet known. It seems, according t4, 
Marsh, to be connected with the lower Eocene Htjnichyun 
the one hand, and the Miocene Hyracodon on the other. 

In the Pliocene period in North America the Perissodactyl 
attained a great development of form, variety, and size, thi 
groups became more distinctly separated from each other^ aoi 
some of them possessed remarkablj specialised char act 
True tapirs have not yet been met with in this period, wbicl 
Is rather remarkable, taken in conjiinctiou with the prG«?n' 
geographical distribution of that group. The Pateotheroi 
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il^phiodoiit ionns bad nearly, if not quite, died oiit^ but 
rmore liorse-like Mf^sohippus^ Miohippna^ and Atickithe}'' 
liura were abundant, and appear to continue the line trom the 
Eocene Orohippus to the true horses of the Pliocene period* 

Rhinocerotic tbrm^ now became ascGndentj being represented 
by Dicerat fieri um (^larah)^ differing from all existinj^ animals 
at" the groupj by havinf^ a pair of liorns placed side by side on 
the nasal bones; and a very interesting genus, Hyracodon 
(Iveidy), an animal with molar teeth and many other of the 
characters of rhinoceros* but having no nasal horn, and having 
a complete set of incisor and canine teeth j as in all the older 
Perissodactyles, wliich are lost in the more modern rhinocerofl. 
It is therefore quite a connecting link between the Pali^o- 
theroid ani mills of the Eocene, and the true rhinoceros of the 
Pliocene, and occupies exactly the right geological horizon that 
such a form ought to do if the one has been genetically derived 
from the other* 

MyracQiioji^ therefore, has a high place of interest among 
many of similar nature which have been revealed by our newly- 
acquired knowledge of the ancient American fauna. If, how- 
ever, aa is stated, the fifth digit of the fore-foot is only rudi- 
mentary, it could scarcely have been, as remarked by Mareh, 
on the direct Hoe of descent from the four-toed Eocene to the 
equally four-toed Miocene rhinoceros, though certainly in such 
a ^saae we know not what ought to be allowed ibr reverjjion. 

The eame period (generally speaking) also produced several 
qtecieg of a more perfect rhinoceros, still hornless, however, 
and resembling the contemporaneous European Aceratherium, 

But the most remarkable of the Miocene PerissodactyleSj 
and in some respects the most remarkable of all the animals 
which the recent explorations have brought t-o light, are a 
number of species of gigantic size, to the first known of wlucli 
Leidy gave the name of Titanothejiit'ni^ and of which other 
forms have been named by Marsh Brontotherium^ and by Cope 
SynilxjTodon, 

They must, by their great size and strength, grotesque ap- 
pearance, and general mode of life, have taken the place in the 
Miocene times of the then extinct Uintatheriuni of the 
Eocene, and were in their turn replaced by the Mastodons 
and Elephants of later ages* The rhinoceros of the present 
day will serve to give the best general idea of the appearance 
o{ these creatures, but some of them (for they seem to have 
been numerous both in species and individuals) approached 
nearer to the elephant in size and length of limb. The skull 
(PL CX3CKVIIU figs. 1 and 2) in its general characters was 
quite rhinocerotic; but the nasal bones supported a pair of 
large, laterally divergent, rugged prominences, ap^atentl^ ^<s^ 
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the attaehment of boras. The limbs were intennediat-e'iii 
proportions between those of the elephant and rhinoceros ; but, 
as in the latter, the femur has a third trochanter, and a deej ' 
pit for the round ligament. The feet were ihort and stout^^ 
but in essential characters agree with the true Perissodae^leSy i 
and have four toes in front and three behind, 

Niunerous species have been described, both by Cope and , 
Marsh, founded chiefly upon the form and direction of the fl 
horn cores on the nasal bones : they are all from the Miocena ^ 
beds east of the Rocky Mountains, in Dakota, Nebraska, Wyom* 
ing, and Colorado; and there is no evidence of any of the 
Titansiherida!j as the family should be called, after the first- 
characterised genus of the group, having survived to a later 
geological epoch. 

Fio. K 





IH&gTflin of «eversl stagea of modiicatitJii of ttie feot of extinct forma of Am a 

hor^-Uko iLiiimals (chiefly from Marah), ibo^ng gradual rraltictloti of ibe] 
oiit«r, and enlaTgeJnont of tile middlo toe (OT), 

d^ Hippariim or iVo^AijEfpttf (Pliocene) i e^ Eqttu» (Fleiitoc«iie)* 

IMien we pass to the Pliocene and Pleistocene times, t]i« 
Periasodactyleii met with can all be referred to one or other of 
the three existing families \ all the intenuediate foima^ and all^ 
those which have attained a different type of specialisation, as^;^ 
those last named, have completely disappeared. 

Remains of several species of Rkinocerotuke were very^ 
abundant during the Pliocene period in western North America! 
they all appear to belong to the homleiis tjrpe, and from causei 
unknown became entirely extinct before the Pleistocene age. 
No rhinoceros exists now on the American contint-nt, nor 
there evidence that it ever supported animals belonging to the 
minor groups of the family to which the existing Indiaiiij 
Bumatr^i, or African rhinoceros pertain* 
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Duriijg this period an immense development took place in 
the various forms of three-toed hors^es, Arichippus^ Proto- 
hippus^ Parahippus^ Hlpparmi^ &c.^ which replaced the 
Anchitheriiiw of the Miocene, These in their turn, through 
many well-marked gradational forms (a full knowledge of 
which is among the many interesting residts of these explora- 
tions)^ gave way to the true horses, of which remains of several 
species have been found in Pleistoceni^ deposits, scattered 
throughout almost every region of the continent from Escholtz 
Bay in the north to Patagonia in the soutli. These also be- 
came entirely extinct before the discovery of America by the 
Simniards — a most remarkable circumstaucej considering the 
fitness of the country for their maintenance^ as proved by the 
facility with which the descendants of horses introduced by 
European invaders have multiplied in a feral state. 

On the other hand, of tapirs, fossil remains have been found 
most sparingly, though sufficient to show that they had a much 
wider geographical range northwards in the Pleistocene period 
than now, and yet several species of this genus still linger in 
the highlands of Central and South America, the sole direct 
representatives of the vast and varied Per isso dactyl e fauna of 
the continent in ages long gone by. 

We may now paiss to the remaining great group of hoofed 
animals, the even-toed or Artiodactyles, represented at present 
by the pigs, hippotami, camels, chevrotains, deer, antelopes, 
sheep, and oxen. 

The remains of this group in the hitherto explored American 
Eocenes are very scanty and unsatis^factory as affording indica- 
tions of ita early history and development- Not a single speci- 
men has yet been described which was found in a sufficiently 
perfect state of preservation to give a tolerably correct idea of 
its structm:e and affinities, and no forms corresponding to the 
well-established European Aiioplotkerium^ Dwhodouy Xipko- 
dmij or Cmnotheriiim have been found. Towards the close of 
the period only (if the age of the Tertiary beds of Utah are 
rightly determined) do we iind indications of well-deiined 
crescen tic-toothed or Selenodont species {Agrwchm''ii8y Leidy)^ 
and also of tubercular-toothed or Bunodont forms {Eloiheriuvi 
and Platygonugy During the Miocene period, however, 
Artiodactyles of both these two main divisions abounded. It 
will be as well to take each group separately, and follow its 
history throuj^hout, from the Miocene to the present day. 

1 , The Bunodonts, or those which inclined most to the pigs 

deatal structure. These were in North America, as in 
ae, chiefly represented by animals of the genus Elotkenumj 
swine-like creatmes, some of whom approached the hippo- 
potamus in si^e, and also by an allied tour -toed ItiTia, Pe\AiiEv.a^ 
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{Cope)« remarkable for its homelike boQj tubercles projectSH 
out on each fide from near the fonnt end of the low^r jvK^ 
These became extinct, as in the Old Worlds before the doee of 
the 3Iioc*iic epoch. 

AoimaU more like true pigs also existed, but all of the poo- 
^cary type^ the oniy one wkieh now mirvivea oa the Ammeaii 
contioeiit. If the evidence of teeth alooe can be truit^^ this 
form, like the tapir (and the African Hyommchus\ u an tm* 
iDQcliHed remnant of the old Alioeene fauna. But both at that 
period and in the Pleistocene, peccafy-Uke animals exietcd in 
greater variety (as in the genus Platygonns)^ and in wider 
geographical distribution than at present* It is interesting to 
note that no remains of tnie StJUi or any of its Old World 
modiUcations, as the wart hog (PfiacochcBrus]^ and babirtsaa, 
or of any ipeciee of hippopotamus^ havo hitherto been met 
with on the American continent. And thus the American 
Bunodont Artiodactyles^ instead of undergoing great and 
di^eiBe modifications, as did the corresponding animals of the 
Old World, have been gradually dwindling and contracting to 
the two closely-allied species of peccary {Dicottflea tajaeu^ and 
D. labiatus)^ among the smallest and mmi insignificant of the 
whole group, 

2, Of the Selenodont or crescentic^fcoothed Artiodactyles^ 
the fonner existence in America of the long^xtinct Old World 
genus Uyopotaviu^ has been recogniied by the discovery of a 
few teeth in the lowest Miocene of Dakota; find this is remark- 
able as the only recorded instance of an American form with 
three cusps on one of the lobes of the upper molars, a very 
common character among the European Miocene Artiodactylea. 

Kemains have ako been found recently of various small 
ruminant-like animals, some not larger than a squirrel in si2e> 
to which the names Leptonmryx, Ilyplsodua^ Byperiragukis^ 
&c*, have lieen applied* Whether these belonged to the famil 
of Chevrotains or TraguUdm (improperly called pigmy musk^ 
deer) J or whether, as appears more probable, they were not 
rather generalised or ancestral forms of the trire Pecora or 
liuminantSf is difficult to determine from the present evidence. 

Perhaps the most interesting of the American Miocene 
ArtiodtKtyles, on account of their great abundance both io 
fpecies and individuals, the full information which has been 
collected as to their structure, and their distinctness from any 
known forms from any other part of the world, is a family to 
which Protessor Leidy applied the term OreoiUmtidts^ ITiey 
played the part in the North American Miocene fauna w^m 
the deer do now in tbe Mma country, the antelopes in Afrka^ 
and the sheep in Central A^a. They were in nearly all points 
of utmcture intennediata bet^feen the niminants and pigs, ami 
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(with many other Old World forms, however) completely break 
down the line of deraarcation which our knowledge, when 
limited only to the existing fauna of the world, caused zoolo- 
gists to draw between those two gioupi?. 

They appear to have survived throughout the whole of the 
Miocene period, commencing in the genuE> called Afp^iochmnts 
in the uppermost Eocene, and ending in the Merychyns of the 
early Pliocene ; and it is of great intereat to know that a 
gradufil modification can he traced in the characters of the 
animala of the group, corresponding with their chronological 
position, from the earlier more generahsed to the latest com- 
paratively specialised forms, thus affording one of the mofti 
complete pieces of evidence that is knowm in favoiu* of a pro- 
gressive alteration of form, not only specitic, hut even of 
generic importance, through advancing ages* 

Another group of great interest made itg appearance in the^ 
Bliocene of North America, and which, if the evidence of fnig- 
Ments can he trusted, did not become extinct, like the laat, but,, 
continuing to exist through the Pliocene and Pleistocene ages, 
is still represented on two distant parts of the earth by the- 
three or four species of llama of South America, and the two 
species of camel of the Old World- The discovery of the 
early Miocene Poehi^of fieri itm> and of the Pliocene Procamelits 
and Pltauckenia — remains of which, and of Pleistocene Auche- 
niiTf of great size, though not generically distinguishable from 
the modern llama^i, are abundantly distributed over the North 
American continent — seem to show that that country was the 
original home of the singnlar family of Cmnelidm, which was 
probably introduced by emigration in its perfect condition into 
the Old World, where none of the transitional forms from the 
more generalised ruminants, like those above mentioned, have 
been met with. 

On the other hand, of the gigantic four-horned Sivatkerium 
of the Himalayas, the equally large but hornless Helladothei^ium 
of the Grfecian Miocene, or of the giraffes, no representatives 
have hitherto been found in America- And very little light has 
been shed upon the origin and distribution of the true rumi- 
nants by these researches, except in a negative manner. No 
deer have been found in the Miocene (at which epoch they 
were abundant in Europe); in the Pliocene but a single and 
poorly developed species; while in the Pleistocene, with the 
exception of one large S]x?cies, called Cervun Ajnericaav.^^ they 
scarcely differ from those of the actual fauna. Of the hollow- 
I homed ruminants^ several species of bison, of Quihos or musk 
I ox, and a Bingle Oms^ have been descrilied, all from the Pleis- 
i tocene, but not a single species of antelope. From these tacts 
^^t may safely be inferred that the few existing and Pk\s>toL^s^fe 
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hoUow-horoed mniiiiaiitfi are immigraiif^ of recent date froB 
other lands ; sod it h probaUe that tbe deer have been simi^ 
larly derived^ though at a eomewhat older period, which will! 
aceonnt for their beiog more varied and ^ider spread in surface I 
dis^tributiotij extending down almost to the soiitbera extremityj 
of tbe contineiit, while the hollow-horned ruminants are eDii^ljl 
confined to the north* 

Scarcely any group to which the term *< Order '^ is applied iil 
so limited in the number of its existing species as that calledtj 
from one of the mogt striking external characteristics of 
animals composing it, '^ Proboscidea,^ Tbe two species 
elephant, that of Asia and Africa, the largest and in somtl 
lespecii the strangest of aO land animals, are its sole represent 
^vefl« Between these two animals and all others now existi _ 
there is a wide gap in numerous essential structural characterei' 
fio that really, in the world as we now see it^ they have no near ^ 
relatives. 

But this was not always so, Lea%ing the existing condition I 
of tbe earth's surface, and passing back to the last well-marked I 
stage before our own, the Pleistocene period, we find abund*int [ 
lemains of elephants, imbedded in alluvial gravels^ or acKireletl | 
in the recesses of caves, into which they have been washed by 
streams or floods, or where, in many easea, they have been! 
dragged in m food by hyaenas or other predacions inhabitants of] 
these subterranean dens. 

W© find these remains of elephantine animals extenaivdyJ 
distributed over regions of the earth where no such creatiui^j 
have existed within the memory of man. We find^ moreovarJ 
that the elephants of tbe Pleistocene period, judging from their 
bones, and especially their teeth, do not in most cases exactly J 
correspond in form or size to either of the existing kinda* Wei 
certainly find remains tmdistinguishabla from those of the I 
existing African elephant^ in tbe north of Africa and southern 
parts of Eiu'opo ; but the majority of these remains not only 
-differ among themselves, but differ more or less from either tbe 
African or Indian species, and hence ha^e had many different 
appellations bestowed upon them, as belonging to what are 
considered to be diflferent species. 

But not ordy in the Pleistocene period did elephants abound 
Animals which must come within any definition which will 
include both Elephaa Indicus and ElepkcLs Afneann^ Are also 
foimd in the European Pliocenes ; and even earlier in Aetia, tbt j 
depos^its of the Sivalik Kills, belonging to a transition between I 
tlie Pliocene and Miocene age, are rich with tbe remains* of ele- ] 
phants of varied form, in some cases presenting a amsiderahk i 
departure from our better-known type^. Further bnck in timei j 
however, we search in ^iiin for tnie elephants. In the Sliucenc 
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^b-iod, it is true, many kinds of huge Proboscideans roamed 
over the surface of the earth ; but these differ bo much from what 
we now call ** elephants,*' that it becomes necessary to distin- 
guish them by another name ; and that of Mastodon^ first 
applied by Cuvier, is generally adopted. 

Mastodons however were, after all, verj like elephants, only 
being distinguished by some peculiarities of the teeth ; and by 
means of intermediate species the two forms pass so gradually 
into one another, that it is difficult to say, In the case of some 
species, with which group they ought most properly to be 
classed. One other form of animal, which can be referred to the 
order Proboaddea^ is known in the Old World^the Difwthe- 
Tvtim, a huge beast, the nature of which for a long time was 
very doubtful, having been grouped by some naturalists with 
the ManateeSj by others even with the Marsupials- Its remains 
have been foundj though comparatively rarely, in Miocene de- 
po*iits in Germany^ France^ Greece, Asia Minor, and India, 

Here our knowledge of the history of the order P^'oboscidea^ 
m derived from palaeontological researches in the Old World, 
ends. The Dlnotkeriwiny being in its teeth and some other 
respects slightly less specialised than the other forms, constitutes 
some kind of an approximation to the Ungulate animals. 
especially the tapirs ; but the gap to be bridged over is very 
wide I and no remains referable to animals of the order, or any 
intermediate forms between this and other orders, have been 
found in Old World Eocene deposits. 

Let us now turn to America. Neither at the present time 
nor within the memory of man have any Proboscidean animals 
existed within the length and breadth of the whole continent. 
But at one time — and that, geologically speaking, a very recent 
one — both tme elephants and true mastodons abounded in North 
America, and the last-mentioned genus extended far into the 
southern portion of the continent. The elephant, the remains of 
which are most abundant throughout what are now the United 
Statas, differed but very slightly, if at all, from that which at the 
same period ranged throughout the northern portion of the Old 
World from the British Isles to Alaska. The commonest species 
of mastodon {M. AmericoTi/aay or OkioticiLS^ or gigitntmis) 
seems to have survived to a much later period than any of its 
European congeners, and even to have been the last extinct of 
aU the American Proboscideans. Eemains of other elephants 
and mastodons, though not differing in any remarkable degree 
from well-known European forms, have been found in Pleistocene 
and (at all events with respect to the last-named genus) in 
Pliocene deposits; but, as fiir as the evidence is at present 
before us, nowhere eaj-lier. 

So far, then, we find that elephants and mastodons, of types 
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quite resembling those foimd im tbe Old Worlds out lo ifl 
fipeclBe variety, appeared on thu Amerieu cootjiiimi nt a Ja^ 
piriixi thaB in the Old World (nooi haviBp been '^^| 

doubted Miocene age ), and ultimatelj became ccmy ifl| 

before the bktorie period* Ko ardmal corfeeponding to tfl 
Dinotherium has been found. We 8ha!l baidlyt tiiio, be pij 
pared to look for primttiire trpet of the race in earlier Aznedefl 
formatioiis. fl 

Amrin^ the jnost remarkable discoveries of the Eocene fonnM 
tions of Wyoming* hm been that of a group of animals of hi^ 
size, approaching, if not eqtiaUlBf^ that of the lai^^est ead^ting 
elephants^ and presenting a combination of eharaetem qnite 
imlike those known stnoDg either recent or eictinct creatnroii 
and of which there were evidently Beversl species living ecmtem^ 
poraneously. Bones of some of these animals were diecovefed 
by Professor Marsh and Lieutenant Wann» of the Yale College 
exploring party, near Sage Creek, Weitem Wyoming, in Sep* 
temlcier 1870, and described by the former in the following year, 
though provisionally referred to the geona TUanotheriufru 
Other remains were discovered and described by Leidy in 187^ 
imder the generic name of UmtaikBriumi^ (from the Uuit^| 
Mountains, near which they were found)* Very shortly aftofl 
wards other portions of bones and teeth of either the Ratne dH 
closely allied forms were described by Marsh as DinoceniB^ aiM 
by Cope as Loxol^rpkotion and EobcmlmiM^ Whether tbeie 
names will ultimately be retained for separate generic modifiea* 
tions, or whether they will have to be merged into the tirst^ fl 
would be premature to attempt to decide upon the eviden^ 
before us. Until satisfectory groimds have been shown for con 
eldering them to be distinct, it will be best to speak of them afl 
under the name which has the priority* ■ 

To form some idea of the general appearance of one of the^l 
animal^ we must imagine a creature very elephant-like in ifl 
general proportions^ elevated on massive pillar- like limt>s, n« 
quite so long, certainly, as those of elephants, but with tho femifl 
vertically placed, without third trochanter, and without pit &fl 
the round lig^ament as in those animals, the radius and tUjH 
complete^ and crossing, and the feet sho t, broad, massive, aflfl 
with five tot*9 on each* At first sight the skeletons of these fe^| 
(as figured hy Marsh) show an extraordinary resemblance to thofl 
of the elephant, and to no other animal (^ee PI. CXXXVI^f 
figs. 4 and 5), espeeiaUy in the form of the astragalus : but cfl 
doner inspection it is teen that in the mode of articulati^J 
between the different bones of the carpus and tarsus they realfl 
coma nearer to the rhinoceros and other Pcrissodactyles. I^H 
eiample, the upper end of the third motaoarpjd, instead fl 
joining almost alone to the magnum, as in elepbantsi is imitfl 
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by two nearly equal facets to the magnum and unciform, and 
the astragalua articulates largely with the cuboid, which it does 
not in the elephants. The prcstmee, however, of five complete 
and distinct toes to the fore foot, and probably also to the hind 
foot, is a definite distingfuinhing character frota any known 
Perissodactyle, 

The vertebrae, in their main characten, resemble those of the 
Proboscideans; though the neck was somewhat longer in pro* 
portion- The tail was? long and slender. 

The head was long and narrow, and in its essential features 
more resembling that of the rhinoceros than the elephant. It 




Ee^torcd skuU of Uintdtherimm {Pmoeeinut Manh), 

was elevated behind into a great occipital cr^t, m in the former^ 
but, unlike that of any other unknown animal, it had developed 
from its upper surface three pairs of conspicuous laterally di- 
vergiug protuberaucei^, one pair (the largest) from the parietal 
region^ one on the mamillaries in front of the orbit, and one 
much smaller than tbe others, near the fore part of the elon- 
gated nasal bones. Whether these were merely covered by 
bosses of callous ekin, as the rounded form and ruggedness of 
their extramiti<^ would seem to indicate, or whether they 
formed the basis of attachment for horns of still greater extent, 
either like those of the rliinoceros or the buffalo, must still he 
a matter of conjectiu-e. Whichever may have been the case, 
they would have given a very strange aspect to the creatinre 
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whicb possessed them, and have been formidable weapons ia 
encouDterB either with animals of it^ own kind^ or with the 
carnivorous beasts whose remains have been found associated 
with it. 

The teeth were no less remarkable than the general formation 

of the skulL The dental formula wa^ i 
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m J = 34. 
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The front teeth, or incisorg, were, as in modem rnminan 
absent above^ and in the lower jaw rather small, directed foi 
wards, and forming a continuous series with the etill smiilkr 
canine. A large, trenchant, enamel- cove red tmk, not unliki 
that of the musk-deer, or Chinese water-deer {Hydopok^ 
descended from each side of the upper jaw, and lay against a 
singular flattened expansion of the lower border of the mmiis j 
of the lower jaw, which has been conjectured to be for tbj^A 
purpose of protecting them from injury, though no such pro-^ 
eesses are found necessary in the animals above mentioned witli 
similar tusks ; and they recall a like conformation of the 
Mef/atkerium^ which can have no sucli fimction. They must 
have effectually prevented any stabbing or penetrating action 
of these weapons. There is some evidence that the tu^sks were 
smaller in the females. The molar teeth were six on each mii 
above and below, placed in continuous series, and separal 
from the canines by a considerable intermh They were smi 
for the size of the animal, and of simple structure^ each havi 
two more or less transverse crests, though those of the np[ 
jaw diverge externally, and meet at the inner border of th 
tooth in a Y-shaped manner. 

The brain (as indicated by the size and form of the cereb] 
cavity, of which a c-ast has been made and figured by Profesft 
Marsh) was proportionately smaller than in any other ka 
mammal, recent or fossil, and was almost reptilian in i 
character. (See PL CXXXVJIL fig. 3,) It was actuaUy 
diminutive (in Marsh's Dlnoceraa mirahlle) that the eoti 
brain could apparently have been drawn through the m 
canal of all the presacral vertebrse, certainly through the eej 
vicals and lumbars^ It was therefore exceedingly unlike that 
of modem Proboscideans. 

These animals^ taking the totality of their organisation into 
consideration, appear to belong to the great Ungidated group, 
and to hold a position somewhat intermediate to the Periia>-. 
dactyles and the Proboacidea, though nearer to the formi 
than was at fii'^t supposed. This affinity h still further showa; 
by the discovery of other forms, constituting the genera Bath^ 
Tiwdon and Metalopkodon of Cope, from an earlier geologioili 
horizon, which, with the general structure of the UintatJiendcs^ 
retain, in an extremely interesting manner, many primitive 
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iharacters, common to all early Ungulates, especially the com- 
)lete number of incisor and premolar teeth. These are forms 
or fuller information upon which we anxiously wait.* 

It should be mentioned that Professor Marsh has made of 
lintatherium and its immediate allies a peculiar order of 
nammals, to which he has given the name of Dinocerata, 
v'hile Cope, who formerly included them in the Proboscidea, 
md placed Jiathmodon with the Perissodactyla, has now 
" Syst. Cat. of Vertebrata of the Eocene of New Mexico," 
[875) formed an order called ATnblypocla, of which the Dino^ 
)erata^ containing the genera Uintatlterium and Loxotopho- 
lon^ is one sub-order, and the Pantodonta, containing Bath- 
nodori and Metalopholodon, the other. Both, however, admit 
ihat they hold a position somewhat intermediate between the 
iiodem orders of Proboscidea and Perissodactyle Ungidates, 
md 80 stand out, as it were, as broken piers of the bridge by 
^hich the gulf which now so completely divides these orders 
night have been passed over. 

The negative evidence (which of course must be received 
B^ith the greatest caution in palaeontology) of the absence of 
the remains of any of these animals in the Miocene or Plio- 
cene deposits of North America, indicates that the race became 
extinct, at least in that land, though it possibly may have mi- 
grated elsewhere, and perhaps in Asia may have laid the founda- 
tion of that family, which first appears in the Old World under 
the more familiar form of the typical Proboscideans. 

While, however, it would be the rashest possible assertion to 
say that these were derived directly from the Eocene Bath- 
modons and Uintatheriums, it is not too much to look upon 
the latter as affording us some indications of the steps by 
which the process might have taken place, and as such their 
discovery is one of the most interesting that has been revealed 
by modem palaeontological research. 

The history of the Noith American Cai^ivora may next 
engage oiu: attention. In the actual condition of affairs, this 
order is tolerably well represented on that continent. The 
Procyonidce^ or raccoon-like animals, are almost peculiar to it ; 
the bears, and their allies the otters, martens, and skunks are 
numerous. The dogs also are widely distributed and variously 
modified. The Felida^, though tolerably abundant, do not 
attain the same size and strength as in the Old World, and the 
Ilycenidce, Protelulce, d^jptoproctidce, and the great family of 
Viven^ce, the civets and genettes, are entirely wanting. 

As the modem tapirs and peccaries, which pursue their peace- 

^ It has been shown quite recently that Bathmodon is the same as Cory" 
phodon (Owen) of the European Eocenes. 
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ful existence in the do<:*p ghafies of tbe tropical Amea|H 
forests, frequently Lecomo tlie victims o{ the ferocious jaglfiu 
and pumas, which prowl in search of prey through the twam 
vegetation of the river hanks, or lie in wait concealed amid f hj 
luxuriant foliage of the branches overhead, it is only natural tJ 
suppose that the countless herds of tapir and swine-like herbil 
vorous animals which lived iu a similar manner amid tbg 
aneieDt Eocene swamps and forests of Wyoming and Colo^^l 
were also destined to furnish subsistence to a tribe of rapaJilH 
beasts of form and feshion long passed away. PalcpoutologicH 
research amply shows that this was the case. Side by sidfl 
with the remains of Hyriwhyns^ Palwosyops^ and the rest, aJ 
found bones and teeth of animals of various jiizc aod ^ruetiirJ 
but of undoubted camivorou?i habits. Uufortuoately at prJ 
sent most of these are known only by fragmentE?, and not a fein 
of the numeroufl genera recently described are foimded on Mm 
evidence of a single tooth 1 I 

There are some, howeyer^ about which our knowled;;.'e haJ 
within the last two or three years, been greatly extciKteiL and| 
which have proved to be of very special interest. 

Among these are two genera, called by their deseriber, Pror^ 
feasor Cope, S^noplQthe^*ium and Mesonyx^ each represent^ 
by a single species, S. lanius and M. Qbtuaidens ; the latter tba 
uize of a large wolf, the former somewhat larger, both from iliM 
Eocene of Wyoming, These, like so many of the anhualsi ol 
the siime periiid of the world's history, present such a cowM 
bination of characters, that it is impossible to place them Im 
either of the existing families of the order to which tlitw 
belong, being in some respects bear-like^ in othem dog-like, anfl 
in some bein^ more generalised than are any existing meml^t* J 
of the order. For instance, their claws had not tlial uarrowl 
compressed, curved, and sharp-pointed form seen more or laM 
in all modern carnivores, and in the highest degree in tht* m<3iM 
typical or specialised members of the group, the cats ; but thejl 
were nearly flat, straight, and blunt (from whence^ it ha:* heefl| 
coojectur*^ that they were adapted for an aijuatic lifi^), aii<fl 
two bones of the carpus, the scaphoid and lunar, which in all 
existing caraivora (even iDcluding the seals) are united to fonJ 
a single boue, wore distinct from each other, as in the majority 
of mammalia. The lower canine teeth were placed very dmM 
to the fore part of the jaw, which appears to Professor Copj^H 
sptxnal mcHiification for peculiar habits, which," he says:, •*■ 
sus<peet to have been the devouring of the turtles, which sM 
alioimded on the land and in the waters of the sarne pf^iodJ 
The blender symphysis could most readily l>e introtiueed inifl 
th^^ shell, while tlie lateral pressure of the ui>|>er caniue«i witd 
the lower would be well adapted for breaking the lionj coveM 
iug of those reptilee*-' I 
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with sp€ciali!=ed errrr:i.;::r-- t- P' ■-.^f'>ij.'-"v.\;. -^ Ti'>.i''X'.Ty:/i. 
&c. The simplicitv •>: mivire r-r-ri:: :. l^rs. l tLt: .•.•.-tr Ltiii, 
that found in the cT>'*r--:r:i ai-: -.trl:'!* lii^.^rl'.orj^ Ryd^. ^l/ju 
and Quadi-uruana-, aiii ii; ".r.-e: /''vOfCtVif^i. iiii-r o: "B-hicL 
have the generalized tTp-e of frr^rt. T^-r rr^ct^^r-r iXidi'Si-'frs rhiit 
the carnivorous genera nained -srere pliir.::jTade — a t/^r-'.-lj^ion 
which is in conlormity with the f-^Iief Lljetiv expressed. tLat 
the manmialia of the E«jcene exhibit much le^s mark^i ordiiial 
distinction than do th-jse of the 3Ii'>cene or t:ie recent jMzrlfjtbt^ 
It is, indeed, questionable whether s-jme of the genera here in- 
cluded in the camivora are not gigantic /rt>e/rf tfor^t, since the 
tibio-tarsal articulation in many, the separation of the -^Ci'iphoid 
and lunar bones in Synoplotherlum^ the form of the mohirn, 
and the absence of incisor teeth in >ome, are all characteri.-:tic 
of the latter rather than the former order.'' 

The Miocene carnivorous animals found associated with the 
herbivorous Oreodons of Dakota are more perfectly known, 
many of them having been well worked out and figured wime 
years ago by Leidy. The most remarkable are several H[x;cie8 
of Hya-nodan, a genus already mentioned as found in the 
Upper Eocenes and Lower jSIiocenes of Francea and also of the 
south of England ; but one of the Amerif ' H. horri- 

chi8, Leidy) is larger than any of its E "tu it8 

skull (which, as Leidy remarks, is not ' 
carnivores, but something intern 
and an opossum) fully equalling! 
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Flltoetm mgmm Bat m tlie c^dieflt pemd misfB gmmlmA 
tjpei vere met vitt, MrigBed I0 tte weU4aioirB European 
gmmAmpkiiyGm^wldA^Sess BtomthetmBiofgs m the mare 
tabeiiciiht^ rhaimftlrf €f its mohn^ and tiMi presexiee of Uie 
bi^ ^VP^ toodi of tkis dm, wliii^ » miMag in the modern 
(ktmamf ssd alio i& th^ mart hear43» stmdtme of ltd limbs. 
Variotii pKidilicgiHopi of JWdm were also abmidant^ the mo^ 
r«miirkabfe is the JGoooke period bdoogm^ to tlxat |rr'>^' 
{M^ckmroduM or tkprmiodo'U}, witk inmiasielj df ^ 
ggbte^lilce upper esniiie teeftlii wfaidi flomisbed Ihimgb 
an extensive period of tumo and in so many pazts of the woi i : : 
in the fiab- Himalayan region ; in Miocene and Pliocene epoi ht . 
tti various parts of Europe, and almoit down to recent tltnai f 
^Eo^land, ns we know by tbe taeth found in Kenl's Hole ; iq 
Irmth America, wbefe remains of its largtest and most pnwrrfu 
form (J/- Timffctus) hare been found in the ot^ of Brazil asdl 
ill tbe allmria! plains of Buenos Ayres ; and again in Uiei 
Miocene of tbe North American territories Why thi^ formf 
m highly ^pecialtBed for its mode of life, once apparently tbe- 
dominating type of the whole order thronghont the wi>rl4J^ 
abould have entirely disappeared, and given way to the mof 
modestly armed modem tigers and leopard^ is not very ea^y \ 
explain* 

From the time of the extinction of the sabre-toothed cats 
North America, to the preseait period, other forms more lik4 
those now existing continue to prevail, none, however^ eq« 
in si;5e those of the Old World lion or tiger ; but of the 
fiunilies of the carnivora little has hitherto been found, Ur 
and MuMelidWf except in Pleistocene deposits, are very rare i1 
and, what iii more remarkable, remains that can with certainly 
bt; ntfcrnnl to the Prot^onklw^ a group whose head-quarters are 
in Aint*rica, have not been met with. The fandlies which wem 
pn*vifMi>*ly mentioned as not now existent in that continent am 
<*i[uully unknown in it^s extinct fauna. 

Pi^rhapi* the most conspicuous, lK)th on account of theiij 
coliiKKal »izc nntl their singular conformation and habits nf tha 
animal ji inhabiting the American continent in the period immc 
difttrly prt*CfHJing tho one in which wo now live^ were the ^ 
grouufl Mlothi4, known to ug familiarly by the namcK of Mega^\ 
Ihermm^ Mf/lotlony Meffidonyx^ &Cp As theeo animali ar© 
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peculiarly American, it might have been expected that when 
the earlier formations of the continent on which they flourished 
were explored, the remains of similar or at least allied forms 
would have been brought to light. But hitherto this has not 
been the case. 

Two species of a genus {Mm^otherium^ Marsh) allied to 
Megalonyx and Mylodon^ from Pliocene strata in Central Cali- 
fornia and Idaho, have been described ; but it is a most remark- 
able fact that not a fragment attributed with certainty to an 
Edentate animal has been found in any Aliocene or Eocene 
deposit on the North American continent, and therefore (if this 
negative evidence can be trusted) we shall have to look elsewhere 
(probably to the Southern American continent) for the region 
which gave birth to these mighty creatures, and to look upon 
them as but temporary excursionists into the northern portion of 
the continent during the Pleistocene epoch. 

On the other hand, numerous species of the orders Rocientiay 
In^edivora^ and even Chiroptera, and some attributed to the 
MaraupicUia, have been found in almost all the hitherto ex- 
plored fossiliferous deposits down to the Eocenes. Of these 
time will not suflBce to give an account, and this is less import- 
ant as it is difficult to draw any general conclusions from the 
fragmentary descriptions of them which we possess at present. 
I must, however, not omit to call attention to two recently an- 
nounced discoveries, which, when fully worked out, promise 
results of considerable interest. 

Professor Leidy, in 1868, described a single lower molar tooth 
from a Tertiary formation, supposed to be Miocene, of Shark 
Eiver, Monmouth County, New Jersey, apparently of Ungulate 
aflSnities, and to which he gave the name of AnchippodiLs 
ripaHus. Subsequently a lower jaw of a very anomalous 
character, from the Bridger Eocene, with large rodent-like per- 
petually growing incisors, no canines, and bilobed molars, 
something like those of Palaeotherium, was described by the 
same author under the name of Trogoaua castoridens ; but 
comparison with the single molar from New Jersey showed so 
close a resemblance, that the latter name was withdrawn, and 
both specimens referred to the first described, or Anchippodua* 

Other similar forms found in a more perfect condition have 
been described by Professor Marsh, who at a meeting of the 
Connecticut Academy, Feb. 17, 1875, suggested that as they 
could be included in no known order of mammals, they should 
be placed in a new one, for which he proposed the name 
TiUodontici. 

*' These animals," Professor Marsh observes, *• are among the 
most remarkable yet discovered in American strata, and seem to 
combine characters of several distinct groups, viz. Carnivores, 
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Ungulates^ and Bodeoy, In TiUotkeiium (Mj^t^u). tiif type o| 
the order, tJie skull has the same generai form a^ m the Ijcam ;| 
liut in it« structure resembles that of th< I iigukibs. Thel 
molar teeth are of the Ungulate type, the canines are ^mall, 
and in each jaw there is a pair of large scalpriform inc 
fac^ with enamelj and growing fiom persisteut pulp^^ as in the^ 

Rodents, The adult dentition is as follows: incisors^ -; 



canines, 



p^U.?=.oU^'. 



, ^^^^^ , ^, , The articulation of the 

lower jaw with the skull corresponds to that in Ungidates. The _ 
posterior nareis open behind the last upper molar?. The brain wn 



Fio, 




Skull of Anehippodus {Tillntkenttm /tdifma^ Mftrali), |, from Marsh, 
•* Am, Jouro. Sci. and Art," 1 876, Plate VUL 

imall, and somewhat convoluted. The skeleton most resem 
that of carnivores, especially the Ursidm : but the s^caphoid 
lunar boneii are not united, and there is a third trochanter on 
the fennur. The radius and idna, and the tibia and fibula, arc 
d instinct. The feet are plantigrade, and each l»ad five digit% aU 
terminated with long, compressed, and pointed ungual pha- 
langes, somewhat similiir to those of the btarst The othei 
genera of this order are less known, but all apparently had the 
name genera I cliaracters, Thf^re are two distinct families, TiUi>^ 
tht^riflaj (perhaps identical with AnchippmlejUifla:)^ in whieh 
the large incisors grow from persistent pulps, while the ttjohui 
have rnot« ; and the St^linmlvntidi^^ in which all the teeth toe 
^less. Some of the animals of this group wore as large as a 







UN THE EXTINCT A>*IMALS OF NOKTII AMEIUCA, 



297 



"Spin With liyra^ or the TQiCodoniia tliey appear to have do 
U^r affinities.'' 

The second recently ujinouDced discovery to wliich I alluded 
i% that a cousiderahle number of frag^mcnts of teetJi, jawsj and 
bones from the American Eocenes, the nuture of which tor some 
t»ine was an exceedingly diiEcult problem, reidly belong to a low 
form of the great and important order Primatee^ an order era- 
bracing the lemurs, various species of monkeys, and colminating 
io man himself, and which hitherto has not been known with 
any certainty (except lit least by some equally recent discoveries 
in France) to have existed in the Eoeene period. The evidence, 
however, on which this announcement, made almost bimnUa- 
neously by Profesi^ors Marsh and Cope, rests, is not very fully 
before tlie world. Already more than titteen genera have been 
named and described^ wliieh are assigned to this group, and 
their chai-actera are said to be those of a low or geaerulised 
form of lemur; while some are compared with the true mon- 
keys. Far more rigid compai-isons and carefully balanced 
deductions are required before we can assign their %'^rious 
specieft to their correct position, and appreciate their bearings 
upon the generic history of the Primates. In some uf the 
descriptions at present before us lemnr and monkey are used as 
convertible terms, and yet those who have studied tliese groups 
most closely are far from being able to pronounce upon the true 
relationship even of the existing species, and some even doubt 
whether they ought properly to l)e associated in the same order. 
But this is far too large a subject to discuss in all its bearings 
at the close of a discomse, I can only indicate it as one which 
may have much light thrown upon it by the researches of 
American paloc^ontologists- 

I can say nothing now of what is being done by the same 
persons, in the same regions of the world, with regard to other 
classes of animals than the one I have hitherto been speaking 
of. But the great and important discoveries of new forms and 
new links between old forms have not been confined to the 
mammalia alone. The knowledge of the jiast history of birds, 
reptiles, and of fishes, has likewise been gi^^atly enlarged. The 
very remarkable discovery of OtliDUtornitiies, or birds with true 
teeth and other reptilian characters, has been made. N ambers 
of new invertebrates, and a whole world of new fossil plants, 
have been brought to light. 

Apart from the special interest of the individual restdts, some 
few only of which 1 have been able to bring under notice on 
this occasion, the contemplation of what has been done in 
American palaeontology in the last few years teaches us — First, 
that the living world around u§ at the present moment bears 
but an exceedingly small proportion to the whole series of 
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animal and vegetable forms which have existed in past ages. 
Secondly, that, notwithstjinding all that has been said, and most 
justly said, of the necessary imperfection of the geological 
record, we may hope tliat there is still so much preserved that 
the study of the course of events which have led up to the 
present condition of life on the globe, may have a great future 
before it. — A Lecture delivered before the Royal Institution^ 
March 10, 1876. 



EXPLANATION OF PLATE CXXXVIIL 

Fio. 1. Side view of the cranium of Titanotherium (BrontotJtcrimn ingmif 

Marsh). 
Fio. 2. Upper view of the some, showing the size and form of the brain. 
Fio. 3. Upper view of the crnnium of Uintntherium (JDinocerM, Marsh), 

showing the size and form of the brain. 
Fio. 4: Fore foot of Uintatherium (DitwcerM, Marsh). 
Fio. 5. Hind foot of Uintatherium {Dinoceras^ Marsh). 

(All j^y the size of nature. From Marsh's figures.) 
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dahwin^s latest eook.* 

THERE are not a few, even among Mr. Darwin's most enthusiastic ad- 
mirers, who consider that the present work is the least attractive of the 
many volumes which the author of the *' Origin of Species " has given to the 
puhlic. ,* And we agree with them to a certain extent, but only so far as the 
book possesses little to interest a general reader. Those who look on a vast 
piece of architectural workmanship, if they are of the general crowd, come away 
with but the vaguest idea of the building they have been looking at. What 
care they for the tremendous labour and the important skill which must 
have been displayed in the putting together of the various stones which 
make up its entirety. So likewise we fancy that of the many — and they are 
by no means exclusively men of science — who are lavish in their admiration 
of Mr. Darwin's writings, there are not a few who consider that this work 
on the domestication of animals and plants, while it may have cost a vast 
amount of time and labour in its execution, is nevertheless devoid of the 
interest belonging to other works by the same author. "With the naturalist, 
however, the position is difierent. He can see at a glance how vast is the 
amount of evidence which the author has hero collected in support of his 
doctrine of the evolution of races. The whole time of mankind on 
the earth is but a unit compared with the vastness of the period during 
which life has been upon the globe. Yet of the period of man alone, how 
far have we any evidence that is of value ? Say about 3,000 years. That 
is to say, that we have personal observation — as in the records of ancient 
Egypt — which extends back about 3,000 years, and which shows us that 
certain animals — the dog, for example — had been bred a^ he is now. Wo 
must admit, then, how extremely difficult is the task of the natural historian 
who endeavours to find out within this period evidence which will be con- 
clusive as to the tendency of animals and plants to vary, and by means of 
natural selection to have eventually certain species preserved as being the 
best adapted to the circumstances, while others as certainly *^ go to the 
wall " in the struggle for life, and are thus lost to posterity. 

Still, small as the time relatively is, it is wonderful how much material Mr. 
Darwin has collected in these two volumes. Of course, having reviewed this 



• "The Variation of Animals and Plantsunder Domestication." By Charles 
Darwin, M.A., F.RS. Second Edition, 2 vols. London : John Murray. 
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work on ita first appearance, we sliall not da more tban cui^rily glSc^ 
tlie more important additions and Blterationa which the pren^Tit edition con- 
tains ; but we may expresa our wonder at the amount of matter whicli is " 
collected on the subjecta of the horse, nas, pigj cBtt!e,dogt cat, rabbit, pigeons 
— eepecially pigeons— fo^rls, canftjies, biTe-btiea, and iilk- worms. And flU 
ibis, whicb covers OTer -3<X> pogeii, and which is exclusively relative to aninial 
life, is valuable original material^ collected fri:>m various observations, beside 
those of the author, and dealing most niinutely with the anatomical dtffer- 
ences— in iome iu stance* moat important — that m^e diapkyed by ammah 
that have ori^nally come from the aame pair of ancestors. Ou the subject 
of plftjits Mt. Darwin 'i booif ia no less copiously iostructive. And on sue! 
queations aa inheritance, Belection, variation, and pan^neM*, which Mr>i 
Sorby baa recently supported,* and on which the author gives much addi^ 
tinnal argnmeut to what appeared in the former edition of hi^ work^ thotl 
buok i^ full as full can be. Perhaps one of the most interesting poiot* in tba f 
present edition is the reference to Dr, Brawn-Sequard*s very remaxliahlo] 
results obtained fn^m expertmenta on rabbits. Theae show na luo^t conclu- 
sively— for the experiments have been tried on many thousancl* of spt?cimeni| 
— tbat animals born of parenta that have been rendered epileptic by iecliual 
of the sciatic nerve, are ibemselves distinctly epileptic* And not only tlmr| 
but that cb tinges iJL tlie fbape of the ear, ophthalmia, absence of toe*, Re- 
occur in the descendants of auiuiaU in wbicli these eondttioua have been tb4 
result of operalian* Assuredly in 8ueh a fact as the abi^ence of toes in lb« 
descendants of animals whose toes had been destroyed, we have^if Ihe^ 
evideoce is sufEdently poworful^ — an injportant argument in support of 
pangenesis 

\\*e could quote more largely from the author's intereflbg re«e« 
but we have done enough to show the great importance of his labottn," 
and to prove the interesting cbiiracter of the volumes under notice. lo 
one or two instances in which Mr, IJarwin has had to refer to pap<^rsj 
this joumalf it ia to be regretted that be omitted the word *' Popular " Iroii 
the title, as there may be some confusion aa to the aonice referred to. It [ 
to le obaerved, alao^ that the volumes are not so large in shape as tlie former* 
ones ; this baa been ejected by no change in the type, but by cutting down 
the paj^as a Httle* The result has been to make the work far more cnnTem«iQt 
for reading, 
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POPULAR CHEMISTRY, t 



iGevt m 



THERE is a considerable dil!iculty in reviewing sttcb a book as that baCovt 
us, from the circumstance that it is intended Uy play a double part« 
Tbat is to suy, that one is disposed to be neither severe nor unduly favoumbla 
in hb notice of the work But if one would honestly and bluntly ejcp^edi 



* In his address to the Royal Microscopical Society^ publiehed in tli« 
" Monthly Microacopieal Journal/' March 187G, 

t ** A Cla*s-book of Chemii>try on the Basis of tbe Jfew Sfvl^tEL** Bf 
"^dwApd L. Yoiunans, M.D. Loudon i lleni^ S. King & Co, 1B7G» 
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bis opinion, it must be at once said that, somehow or other, the result 
of reading it is unsatisfactory. If truth must be told, the volume i» 
one which neither possesses the information that is required by the earnest 
student, nor places the facts of the science in so popular a po:)ition that 
the unlearned in chemistry may read it with profit. We might take 
seTcral examples of this tendency of the book, but one or two will suf- 
fice. We turned in the first instance to the chapter on I'olarisation, 
AS in that we were sure to find the author's popular mode of tenching 
put to a severe test. But what did we find ? Why, that he has just 
given the usual explanation, and hns not attempted anything in the way 
of genuine popularisation. We confess that if we were unacquainted with 
physics, and turned to Dr. Youmans' work for an explanation of this complex 
phenomenon, we should be no wiser after reading his account than we were 
before. But we will take another example in order to show our readera 
that we are entirely unprejudiced in the matter, and that Dr. Youmans is 
absolutely incapable of really popularising a difficult subject. The quotation 
we will make refers to the theory of Atomicity and Qunntiralence ] and Dr. 
Y'oumans' remarks on the subject of '' variable combining capacity " are aa 
follows : — " The general theory of chemistry now adopted is the outgrowth 
of preceding theories, and embodies the truths they have severally attained. 
But it adds an important principle which tlirows further light upon chemical 
operations, and serves to organise into a better system the later facts and 
ideas of the science. The notion of equality between combining elements 
and of equivalence among their atoms has long been fundamental in chem- 
istry. When the substitution theory arose,'* &c., &c. 

We think we have given enough to create dismay in the minds of all 
lovers of genuine popular science. Ilowever, there is something to be said 
in the author's favour. lie has popularised many important points with 
considerable success, and he has supplied diagrams and drawings very 
freely, while withal he has furnished a series of questions at the termina- 
tion of the book which will, we doubt not, bo found extremely useful by the 
young student. 



ANIMAL MORPHOLOGY. • 

THE Professor of Zoology in the University of Dublin has long been known 
as a comparative anatomist of no mean ability, more especially in 
regard to those classes of the animal kingdom which come beneath the divi- 
sion Vertebrata. But we have not heard of him as one who was specially 
devoted to the various Invertebrate groups of animals. Yet it is especially 
on the classes that are included in the Protozoa, Ca*lenterata, Molluscs,. 
Annulosa, &c., that we find him writing in the present volume. We note, 
moreover, that he is modest enough in his preface, for he assumes that his 
book will form, as it were, a sort of introduction to the works of Ilolleston, 
Huxley, and Flower. However, we fancy that most students will find that 

• "An Introduction to Animal Morphology and Systematic Zoology." By 
A. Macalister, M.B., Professor of Comparative Anatomy in the Univeiiity oC 
Dublin. Part I. Invertebrata. I^ondon : Longmans. 1870. 
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the pT<?sent wf^rk will prnve for all purp(>st*s of efciimmation siif&cl^nlly 
modern and udoqimtely advanced. At least we tUink so otir?elves. TIk 
fttttlior ftiimmence^ by a series of reaiaric j cm protoplasm, general mj>rpb<4cigy| 
iiiatoio^ — of tlie muMular, nervous, aud cormucti^o tissues — tecloftrgy, re- 
^production and distributioti which ia given both as to space and time. Of 
these several chapters we have not mitrli to sav* They appear ireoemlly 
good, but the remarlcs are excsessiTely bf ief, Jiod in one or twn cases arc by 
DO means -what we should have nnticipnt^jd. This may be sud especially ol 
the autbor*B observntions on the subject of muacnkr tissue. We ob^rre, too, 
with some paiui that the author does not seem to hare accurately underst 
Mr* Darwin'tt remarks ou the fiiihject of natural selection. At least it seei 
gQ to us. For exanaple, Dn Macalist^r sajs : ** But wbile esplainin,Lr tbi 
method, natural selection does not explain the eaiiae. In artiiicial ^jltrcUoa! 
the cause is the prestdence and direction of human intellect- In nal 
selection there ia a neceaaity for predicating tbe existence of a preeideni 
mmilar in Mnd, but grander iu dtgren, its tbe chan|fes elTected by it 
^ater than those that artiticial aelt^ction can a^eomplish." We certainV 
fail to see the reason alleg^ed, and we abould mncb like td bear tbe author' 
opinion more fully on tbia point* 

In regard to those portions of tbe work wbicb deal with tbe pitrely toolo- 
gical pnrtj? of the subject we have only praise to ofTi^r. We tbink the antbnr 
baa endeavoured to &tate points that will be useful to the render, to the eJt- 
-elusion of new mutter which refers to but *?ingle point^*^ and which baa 
yet been dearlj established* We note, too, thnt in utmost every iasi 
where a t^ew fact is stated, the author's name which is most dliectly 
ciatvd with it is given in parenlbeaes. 

It may be stated, bs points objectionable in the work, iirstly, that the author 
is accustomed to giving a gPttat series of new words which A* thinks— but 
we do not— serviceable from being an abbreTtated mode of obtain bg bfoiN 
mation ; i^econdly, that tha work is lamentably badly illustMted, the total 
tiumber of woodcuts being about forty in nitmber. 
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COLLECTDCG NATURAL HISTORY OBJECTS.* 

AVERY valuable series of piip(*rs, which origrioally appealed in " Sci«tic«l 
Ooasip," is here reprinted with their authors' namt^s fit (itched, and tba 
whale has been lasued under the editorship of Mr. J, E* Taylor, wh<* coi^- J 
tributes the first chapter on tbe suhjei-t of ft t^ilo^rical Specimens* We may I 
say at the outset that the work is eminently a practical one, and wo doabtl 
not will bare a very large sale miiong all dilettanti natuiidii^tiB, It is gene- 
rally cleur and to t!je point, while wherever ilhistrfltitm is reciuired it i«1 
given* It is remarkable, too, that in a book which is written by a gnalJ 
number of naturalists, tbe general plan has been foUowed by all ; and tbli] 



♦ '* Notea on Oolleetinir and Preaerrinff Natural Hiatory ObjeetH." 
Blitad by J. E. Taylor, Pb.D,, RLS,, F*G*S* London: Hwdwiie ^ 
Bogut^ 11)2, riccadilly. 1870, 
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is a drcumstance for which we must thank the editor in no small degree. 
Besides the Geological chapter to which we referred ahove, and which is 
written in an ndmirahly popular and withal accurate stylo, the following 
sections make up the volume : — " Bones," by 1\. Elwin ; " IJirds'-epgs," by 
T. Southwell, F.L.S. ; " Butterflies and Moths," by Dr. Knaggs ; "Beetles," 
by E. C. Rye, F.L.S. ; " Ilymenoptera," by J. Bridgman ; " Land and 
Freshwater Shells," by Ralph Tate, F.G.S. ; »* lowering Plants and Ferns," 
two chapters, by J. Britten, F.L.S. ; " Grosses," by I'rofessor Buckman, 
F.G.S. ; " Mosses," by Dr. Braithwaite, F.L.S. ; "Fungi," by 'W orthington 
Smith, F.L.S. ; " Lichens," by the Rev. James Crombie, F.L.S. ; and " Sea- 
weeds," by W. H. Grattan. Anyone who is at all familiar with nntund 
history-workers will see at a glance that in most instances — as, for example, 
in those of "Fungi," " Lichens," " Mosses," &c. — the names of the authors 
selected are those of the very highest living authorities in their several de- 
partments. In each chapter we And ample instructions as to the implements 
to be employed, and the mode of using them in the capture of the several 
forms. But we are also informed as to the time and place in which the 
particular "quarry "is to bo best talcen ; and, further, there is ample in- 
formation supplied as to the best and most charitable mode of killing live 
animals, and as to the manner in which they shall be mounted after death. 
And now — having said so much in praise of tliis little book — must come a 
word or two in disparagement. It is to the technicalities which the authors 
employ that we object Of course in some instances it is impossible to substi- 
tute common names, but in many cases the substitution is perfectly practi- 
cable and oughtto have been adopted, and we trust will be followed in the next 
edition. The only chapter with which wo can find no manner of fault in 
this respect is that which opens the work, and is by the editor. But certain 
others — ^we shall not name them — are as full of technicalities as it is well 
possible to be. Still the work is the only one of the kind, and it in tout 
emembie an excellent one. 



FERMENTATION.* 

Tins book will, we doubt not, prove of interest to chemists ; but we fear 
that the practical element is wanting which would have recommended 
it to a large number of readers who are engaged in our large breweries. 
Indeed, we think that the author has been forced to spin out his matter, so 
to speak, in order to make a book upon the subject. "VVe note, too, that he 
is clearly ignorant of the lives of the lower groups of fungi, and wo tliink 
that for this he is to blame : for assuredly, even though he may have been 
ignorant of the development of common Mttcor at the period when he began 
his work, the study of the subject in any treatise on fungology need not have 
taken up very much of his time. It is also to be observed that his figures 
are insufficient, and the microscopic ob4$ervations are taken altogether 



• " On Fermentation." By P. Schiitzenberger, Director at the Chemical 
Laboratory of the Sorbonne. London : Henry S. King & Co. 1876. 
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second-hand from othei- BTtiib. Bat whpn we Imte s/ud this w* hai 
ejEppe^ed oarselrea to tli^ fullest extent tlmt advi^rwe criticiim can urge 
There h fk ^Dod den\ thnt is most intrnefftmg' In tlie book ; and altbotigb, 
eotirae, it doe« not cleajly deBa^ nmny of the pointj?, it j^ iieedle«a to oW 
tbftt this results from the fact tfaai few of the great questions — those wlii< 
Imve formed the di^us&ions that took place some years ntro between Bi 
Liebifr and ^L Pasteur— are e^en at the present moment in anythio;? like^ 
BL^ttled coil di lion* M. Bchiitzenberger, who h cTidently of Gennati origii 
though attnched to the laboratoriei of the Sorbonnep begin « of couxfo 
the history of the subjet-t, and treats us to Bcrtjral pngua on t 
matter. And here we might obs^erre that dealing with questions 
the prPSi<'Ut one h utterly impostsible in anything like the f|mce at t 
writer** cojnuinnd* So this chapter might well have been omitted, 1 
following are the headings of the serer^ subsequent eeetiona ; — . 
Iiolic Farm entat ion ; Alcoholic Fermeute; Composition of Fermmitfj 
Function of Yeast ; Action of varioui Ap-ents on Alcoholic FermentAtionl 
Can nothing btit Alcoholic Ypa^t excite Alcoholic Fermentation f 
Fermentftiion of Sugar; Lactic Fermentation ; Aiomoniflcal Femientftti* 
Butyric Ferment ati on and Putrefaction; Fermentation by Oxidation ; A 
plication of the Reaearchea of H, Pasteur j Albumenoid 8ub^tance«; Oi 
of Ferments; Proteids; Soluble Ferments; and la^t, but not leasts On thff ' 
Origin of Fermenti^» There ia nothing new in tbia book to thowj who haft 
r^pilarly rend the ** Comptcs rendua " for tlie past twelvi* years. Rut 
MngUfih readers alone there will be found an iramenae mine of valual 
information* with reference more especial ly to the ideas of M, Pasteur, It 
(lingular, however, that much aa is th« kijowlpdpe that has been oblJiin* 
on the subject of fermentation general I Yt stj little ^hould have been dotta 
th# invealigatlon of those diseaaea which are known to liaT« thrir oiigin 
the pTeaence of certain fermenting materiJib within the body of tb*^ anii 
affected. On thia point the author aays — referring?" to a page vfhlvh he 
been quoting frou> a former work on M, Davajne'di inquiries— that ** dui 
the ten years that Uave elapsed since this was written^ akilful I'xperimetiti 
iits^ guided by the same ideat^ among whom I may mention Pnsteur kiniBe] 
[researches during the cholera epidemic], have studied this subje^^t 
great care ; and yet I must admit that there ha^ been no reaull frofnt 
inquiries ; the question of the etiology of infectious diseases Laa made 
important adfauce ; the observation made by M, l)avaine re main i wilhoi 
anv additional aupport/* Thoso who remHniber the nature of Davi 
inqmrif^s are aware that they were mmle upon animals infected with mall 
hant boila. 

On the Buhject of the French work that has been done on the qnej-tinn 
fomentation, the reader wilt find ample details girefit while the etyk 
geneivlly a most pleasant one \ und thotigb the book i« deficietti in its ptacJ^ 
deal dataib, nererthelei* it is an imporlant, and therefoie a wclc^mei 
tion to OUT Mterature. 
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AMERICAN SURVEYa' 

TflE report of Captftia Jooea cod tains an account of a reconnaiaflance made 
io 1873, in North-Weatern Wyoming, with a view of iinding^ a good, 
md fihoi-ter foute from thi* Souths by the Wind lUver Valley and Upper 
YcUoWBtone to Montana ; and from wbicU it appears a dUtrif^t of considei^ 
able i^ennomicftl iinportnne& would be opened out^ both as regards the agrU 
cuUure and the mineral reaoiines of the dbtricts, especially of Blotitana, 
whicb ii considered to bo one of the moBt produ£^tiv^y mininj^ regions of tlie 
W^st, It U accompanied by a general map and forty-mne trail-mnpa^ 
ihowing the physical features of the eonutry passed over, of which an 
nfCijiint is given in the text The volume also includes reporta on the 
IJotany, Eotomology, and Cfeology of the district explored. The lalttir, by 
IVi)fes8or Comstock, gives a general review of the various funtiationi 
oWrved, and the re.^ults of the dynamical forces whiah bave operated^ aa 
well as an elaborate and iuterestiag account of tb© Hot springs and Qeysert 
which form so remarkable a feature in the Yellowiitone district These 
phenomena f»f post-Tolcanic activity mujit bave been very extensive and of 
long duration, for there is evidence of tbe existence of large tracts of 
ancient hot-spring depoaits in many places where there are no mgna of 
preafnt or very recent activity, showing the amoupt of vigour that haa 
lieen displayed at a remote period, though geologically recent, and the per- 
ftiiitency of the heat to tbe present epoch. The tir^t number of the Bulletin 
h raainly occupied with a series of iiitereatiog accounts of the ancient 
r^maiDa, ruins, and works of art found during the progress of Geological 
Surrey of the Territorie«, whicb are fully illustrated by maps, planSj and 
numerous plates of the different points explored. The bead ornaments 
used by the prehistoric people of Utah and Arizona for perw>nal decoration 
appear to bave been of four kiuds— shells* chiefly tbe genua Oliva ; earthen- 
ware beads, turquoise very rare, and pendants made usually of stoae or 
falieified wood, but occasionally of pieces of pottery. Some such omametils 
aa the^se are still worn among the Mojave«, Moquia^ Pueblos, and Zuninns of 
Arizona and New Mexico. The second part h entirely ornithological, and 
cnntains studies of tbe American Falconidsa and Ihe Ornithology of 
Gaudeloupe Island j by K, Ridgway, 

A volume of 600 pagesf records the progress of the operations of th# 
geological survey in the more rugged mountain portions of Colorado during 
the season of 1874, and shows the continued activity of Dr. Hayden, tbt* 
members of bis stair, »nd the otber collaborators who have contributed to 
iu pagea, Dr, I lay den givea a resumt5 of tbe geology of the eastern base of 
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* ** Keport upon the Eeconnids&ance of Nortb-WeiteniWyoming, including 
Yellowstone Aational Ffirk/' By Captain W, A. Jones. With Appendix. 
WashiDgton, 187o, '* liuUetin of the United States Geolojiieal and Geogra- 
phical Survey of the Territories." Vol ii. parte 1 and 2* Waebington, 1870. 

t *^The United States Geological and Geographical Survey of the 
Territories, bein^ tbe lleport of Progress for the year 187G." By Br' F« V. 
Hay den* Washington, 1870. 
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tbe Colamdo tmngep and of the Elk Moontaini, ns well as an account ^r i 
ebafacterf^ extoit, and probable a^ of ili« Ugaitie group, and aUo 
ifitcrc^Aliiig^ ehftpler on glacin.1 lakes and kke-baaiti«, iti which is ihoi 
€0«eta ol gladal action and otber deaiiding ag<eDcioa of ero^ioti In | 
foria U> tbe tocIy ranges of the We«t, wh^n ia aooie enna more than 10 fl 
feet of aedimeiitarj Atitita haTe been ewept away «£ a eomparatively modem' 
period. Ph)feaicir Leaquereusc cootrilmtea an important paper on iht 
cKtaoeotta and lignitic floraa of North Amisrii^i with deseriptioni of ioiii« 
o«w apedML Thtre arfl abo reports on the geology of the Elk rmpf 
Middle DiFisIonf Ban Juan dktrieti aad Nehraaka, hj Mes^s. Hohnefl, 
Peide, Eodtich^ and Ati^hej, bealdea reports cm loology, archajolopy, and 
topograph J. These reports are aesinipaiued hj nearly ninetj mapi, placw, 
sections, and plat^ illustrative of the radoua aubjecta treated of in thtl 
volume. 



GEOfJXSICAL M.\NUALS.» 



THE i&%ue of a second edition of the useful *^ Guide to the Geology of 
Ijondon and the Xeigli!>oiirh«K)d," hy Mr. VVhitakcr, m eo ahoit i 
period after the publi cation of the first, proves thai it Las been Teiy a^io^pt* 
able to A large number of persons who are interested in and anjiioua to 
acquire a general knowledge of the character and arrangement of the Toriotu 
formatiom which occur in and near the metropolitan area. Thi» itfw 
edition contains references ta the memoizi of geolo^cal eurreyt w^hfro 
details of the aections noted may be found. 

The second ecUtion of the '* Rudiments of Geology," hy Mr. 3hajp» Iti 
been thoroughly revised, and iereral iinportimt adiUlions havo haeii ntada 
throughout. The auhject-raatter Li g^nerallv clearly and condaely tfcttfldt 
and eo arranged^ together with some tables and woodcuts, as to reader it a 
more useful hand-book for the student of the edeace. 

The little work by Mr, Mello is inteoded to give a general aketcb of iha 
geology of Berbynhire, With the exception of «oroe maaJmalJan gmm^ 
and bonC'CaTei of Pleistocene age, the geology of the county la compare 
tively &mple, conwatiug of the Tma, Permiaa, and Carboniferous fonn^ 
tioaa; the latter occupy about two-thirds of the whole area. Wit- ' 
exceptioa of a small inhing porticra of the Tjeicestenihir© coal-field 
extreme FOuth of the county, the coal meiutures of Derbyshire, with an r<r-* 
of about 230 square miles, are a con tS oration of the great Yorksiiirt* coju- 
lield. It is partly to the underlying mtlbtoae grit and mountain HmeatdOiv 
aided hy denudation, thnt Derbjahire owe^ the wild and piciui^gaqiie te- 
turea of i^ dalea and the long- atretche^t of moorland, while the woodad4lA 
more eultiTatad aouthem portion o<3eurt upon the soj^r Tiiatsic ilf«la. 

♦ "Guide to the Oeologv of I/indoa and the Neighbourhood,** SeeoBl 
pditioa. By W. Whitaker, B.A.. F.Q.S. Lnndoa : K. Stanfotd, 1874 
** Hudimenta of Geology.** Hy 8. Sharp, F*8X, RG.S. Loadoo: E 
Stanford, \H7il " Ilani-Bnok' to th« Geolo^ of Derbyshit^/* By iW 
Jf er. J. M. Mello, M.iV., F.U.S. London i Bemnse k Soaa. 
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The work by PfofeMor Greea • muat be cksaed amon^ tb© advanced 

maouala for tbe teechmg of geological science, and is not oalj intetided to 
aerve those students whn desire to know na mucb of tbe science as any man 
of culture may be reasonnbly expected to poaiees, but also to form ft text- 
book for the school and lecture -room ^ tho author feelinpr that any work on 
natiirnl ecience which is intended for educational use* and to asfiist the mind 
to reflect and reason, muit not only state clearly the results arrived at, but 
jnnat %\m put forth the methods by which they have been obtained. TMa 
idea seems generally to pervade the work In this volume the facts hearing 
on the fundamental groundwork of the sdenca a^ only attempted, and 
include the principal points of lithological and dynamical geology. A short 
chapter on the aim atid scope of geology, with a sketch of its rise and pro- 
gteaSj is followed bj a description of the chief rock-fomiing minerals and a 
classification of rocks accordinf^ to their two chief modos of origin, and their 
petrol ogical charoctera ; the volcanic^ metamorphic, and granitic rocka being 
separately described* Denudation and it* resulti^ij both as forming new 
deposits, and ita effects in the shaping of the surface, are fully treated, as 
fdao are the varioui changes in position which rocks have madurgone since 
they were originally deposited. The last two chapters are devoted to the 
original fluidity and present condition of the interior of the earth, with 
some remarks on specolative geology, and bow the various chanps of 
climate inferred by the geologist have been brought about. The clear and 
philosophic manner in which the various aubjecta arH goneraUy treated, and 
the nnmerous original and well-s«?lected illustrations, as also the many nolea 
and refereccea to other works where more detailed information can be 
found, wiU render thia book a valuable addition to the other treatises on 
the ecience. 



^ 



BOTAOTCAL NAMES.f 



FOR the general reader thia book will not have special interest, but for 
the Tjotanist it possesses many charms* It is an account of how 
botany first came to be studied, even before the Christian era, and during 
the last eighteen centuries ; and added to this is a short description, in alpha- 
beticftl order, of the origin of the several terms that have formed generic 
titles. The first part of the book is the most interesting, as it is also the 
best done. The second part is the more imperfect, but ita iaiportance 
eannot be overrated. We have seen nothing in the shape of a populur 
Hccount of the meaning of botanical expressions but that of Mrs, Lankeater, 
who, it will be remembered, was the joint editor of the last edition of 
Sowerby's botany- The account she baa given, too, has to do with the 
mgniticnnce rather of the populnr names than the more specially scientific 
ones* Biill it was unquestionably a very excellent addition to Dr, Byrne's 
labours. Mr. Alcock has endeavoured to give tlie exact meaning which 



• " Geology.'' By Professor A. H. Green, U./L, F,G,S* London ; 1870. 
t *' Botanical Names for English Eeaden/* By R, II* Alcock, London : 
L, lleeves & Co, 1670, 
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POFULJII 



^icli adeDtiic sune bitd &t the dme wben it wis fissl a{t|ilied ; ftnd ti it b lua 
firat attempt, of course «f err ^ow&dci^ mu^t be mide. At the Buiit Umr, 
wu tkipk ihat innnv of hii expLuatiutiA «fe TCfj fkr-fetchecL Let u^ txke^ 
for esAtnplef Barf^ia odanlUes ; in tbia case be aajs that Fliiij aMi^ri^ thit i 
portioD of the stem was used for i^riiif tootfa-acb^ h&oca the apedfie title* 
AgEtji, Bora^Q lie atlributea to tbe wcads Om* and njr*' •Ito Cffimr/— ' 
which he deriree from chamm^ the gTound, and Hnxm flax, which we t- 
ftiw who know the plant will agree to, Fniallv, the wotd Emphorimi 
derivation of which id attributed to £uphorbu% a pbjndao la the Kiii^ 
Mauri tAQk; and whj, save for th# i^iembhmee of the immea, reaaaim « 
perfect mysterr* 

"We Ua^^e ciioiteti these few eixampleft, but we might have added reir 
largely to the list bad we cboetn to do eo. It aeema to tia that th« auifaiir 
has Dot been very leflrned on the subject^ and th&t he hat OTerlooked ffi*iiT 
valuable aourcea of in formation in the botanical wiitingaof the pstt coupled 
eenturiefi* Still wo muat own that he has done a good work which we wiah 
eTer3r aucee&s to^ and we trust that when it cornea to anew edition th«? author 
will enlarge and other wi^ inaproTe it The history of botanj, which pr^ 
cede* the dictionary, ia most eioellentlf given. 



A>TI*DARWIKISMV 

WE ere somewhat amused^ but not at all surprisedt at a lawyor'a ooM'm^ 
forward in the ranks of Mr. Barwin^a fls£ailant& And, what wt 
might have very naturally anticipated^ y'lz, that the effort would bo *if a kiti4 
to rei$emblo the mode of argument thiit is termed **apecial pleading^,^ b 
clearly the sort of thing which ire have to deal with. The arguments hi 
the hook before us are those which wo have often heard urged agiinit 
Mr. llanvin^ which are almost universally of one class. W© xkm th« 
word ** almofit " because we wish to ejcdad^ one work, which is certainl| i 
clever oae^ but which b oppoaed to the Darwiniao theory. It might lie 
fairly asked, how could a gentleman whose legal practice admita of lui 
writing a book on the " Ilisiory of the Currency '' have bad the opportumtj 
of fairly considering the argnmentfi in favour of Mr. Darwin a doctiinei^ 
lie might, to be sure, hare taken some half-dozen worka, and akimmei 
them through in his chambers. But what a preparation would this be for 
the consideralion of the grandest problem that baa ever presented itaelf to 
the mind of man f >(r, Jamea Maclaren presumes, we auppoae, that Mr, 
Mivart ha^ not made the moat formidable cmslaught on the Darwiiii»ii 
theory, and he therefore merely uses a few of his nrgnment*. But inde«d 
it is not worth while treating at length of this book, which, howevff 
fairly it may pretend to hare been written, is the weakest and most met* 
^ded argument in existence. Let us take one example of the suthorV 
powerful mode of argument as to the ape-origin of man ; — 

• " A Critical Examination of some of the principal Arguments far mi 
apmnBl Darwinism.'' By James Maclareo, M*A., liarristei^at-law, London: 
li Bumpu^. 1870. 
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''There is nothing, however, in this view of the progreas of man which 
ihows that he has descended from an ape-like ancestor ; in fact, the general 
diffusion of man over the earth (and many eyolationists suppose that this 
diffusion took place hefore man had acquired language^ is quite inconsistent 
with a development from an ape-like creature, as all existing man-like apes 
are, as we have seen, extremely local, capable of existing in a few spots 
only." 

The other arguments are like the above, and may be left to the reader's 
judgment for their annihilation. But we would ask the author one ques* 
tion on the subject he has written on. Suppose a man, with no particular 
religious belief, who admits the possibility of there being a Creator, were to 
ask, *' How has man come on the globe ? There is much evidence of his 
kinship with the lower animals ; whence, then, comes he ? " What would 
be his reply ? We suppose we shall have to wait his next volume for an 
answer. 



OUR FIVE SENSES.- 



WE think that Herr Julius Bernstein is to be congratulated upon the style 
of this book. We are much pleased with the manner in which he 
introduces us to the various subjects he has undertaken to describe, and 
indeed altogether his language is clear and to the point. He has taken the 
five senses, i,e. sight, hearing, touch, taste, and smell, to describe, and with 
each of them he has dealt fairly — more especially with the senses of sight 
and hearing. Of course it must not be imagined that he has told us any- 
thing new I that would be a great mistake. On the contrary, there are many 
points tmnoticed in this book which Dr. Tyndall has expatiated at length upon 
in his various writings. Still he has stated the main points in an admirably 
ludd style. He gives more than 100 pages to the sense of sight alone, and he 
supplies numerous illustrations — ^some of them too familiar, perhaps— of the 
different experiments that are to be made on the subject of vision. In one of 
these, however, we note that a series of figures which are intended to look of 
different sizes though actually of the same size, are slightly misplaced, so 
that people view them at considerable disadvantage. There is absolutely 
nothing new in the entire volume, but still it will prove, we do not doubt| 
a very useful addition to our popular natural philosophy libraries. 



SHORT NOTICES. 



JBuOetm of the United States National Mmeum. Washington : 1875.— In 
this number Professor E. Cope has published a check-list of North Ameri- 
can Batrachia and Reptilia, with a systematic list of the higher groups, and 
an essay on their geographical distribution. 

• " The Five Senses of Man." By Julius Bernstein, Professor of Physi- 
ology at the University of Halle. London : Henry S. King & Co. 187(5. 
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Mr. Brough Smyth, Secretary for Miaei for Tiotoim, has prep 
detiuled deacriptif© entalogue of rocks, mbeiials^ and fofifflls iUustratiT*^ 
the g'eologr, minemlogjr, and mining re^urces of the colony, exhibitt^d on 
bthftlf uf the GoverDment| at the Pbilnd^lphia Internatioiial Ex ki bit! on 

187a 

Teli^n^^, By W. H* Pieece, C,R, and J, Sivewright, MJl. Lond^a J 
Longmana, 1876, — This h one of Messrs. LoDgnmns* excellent mimuikla, It 
is ^ascntiiJly a practical 'work, intended us on introduction to Cull«/s 
famous treatiw, whieh was noticed in thcae pag^s a few years ago. The 
authors explain that the work is intended alone for those who ha?e b«6li 
engaged in practical telegraphy* To such we recommend the volume. It 
cnt^ are excellent. 

Mtercism in M&ctftcal and Mivjudic Meoiaremefit^ ivithAnsiceri. By KJ 
Day, M,A, London : Longmans^ 1870. — The^ ftre cftrefuDy pr« pored, i 
ihej will be found useful by all who are engaged in the practical study of 
electrical and magnetic apparatus. 

Eraiidum 4if tlie Human Race from Apm ^-c.^ &c., tinmnHiotteti hjf Scie\ 
BjT, W. Jones, F,R.S., F.B>C.S,j Ptofessor of Ophthalmic Medicin** 
Surgery in ttDivei^ity College, I^ondon. London: Smith & Elder, 197C1.' 
Here h an admirably written and spirited osaay against Darwinism^ Wo i 
commend it to our readers' consideration because we are iure that they wil 
peruse it with pleaaui^, and will put it down more coD?inoed of the trulJ 
of Darwinism than they were before. 

7^ Moon anrl the EtsHK By T. M. Eeade, C.K, F,G.S., Pre«ideiit 

the Liverpool ti4*ological Society. London: Hardwicke & Bn^ue, 187 
Those of our readerf who have looked at the admirable sfiries of repreAent 
tiona in Mess re. Nasmyth k Carpenter's fine treatise on the 5ioon will n»T 
agree with Mr. Headers conclusion p. Still there i* a good deal to be ttiti 
for his ideas as to the comparison between the earth*a and moon 'a appear" 
aneea. It certainly does appear aa if there were no disturbitig inflnencv 
in the ease of the moon na there is in the earth's atmosphere. At 
same time one is hound to ask how so much vokauic agency as onceejcist< 
at the moan's surface could hare operated without the presence of oxygen 1 
In any ama Mr. Ueade's Httle pamphkl is a moat intureating one. 

W© ha^e i«eeived:— "Gumpers Patent Hndder " (London : J. IVttlt 
1870) ; ** Vis Inertia at the Po«t Office " f fourtli edition^ Longmans. \^7^\\ 
*^ ^\^hy do we Breathe > '' by T. Black, M.D. ; " Annual llepnrt of the Marine 
llospitid SerTice of the United Statei, 1873 ; " ** Annual Report ftf i 
Supervifling Burgeon of the Manne-Hospital Serrlce of the United Stab 
for 1874 f ** Science made Easy ; " a series of Familiar Ijectures," &c., 1 
T. Twining, PnrU I., II., Ill./and lY. (London: Chapman & BaiL) 



THK LO.\N COLLECTION OF SCIENTIFIC APPARATUS 
AT SOUTH KENSINGTON. 



rlQSE who h&ve not yet visited the collection of ftppaii.tus at South 
Kenaington can have little or no id&a bow raat and importAnt it h, 
Th<)fle who have, boweTer^ will leadily pardon us for not doing more for 
our readers than giving a general sketch of the exhihition, which is on Ibt 
whole the finest that has ever been made^ or in all probahilitj erer will be 
made within our ken^ At the same time we think that those who havtt 
superintended the work of exhibiting the various appiu-fttus bave been to 
blame in two distincC ways: Isi^ in exhibiting many iostrumenta thnt have 
not the alighteet dolm to nOTelty, but are merely exhibited because the par^ 
ticular makers had influence over those who had to do with the matter, 
2nd, for the abominable manner in which some of the apparatus is exhibited, 
being in fact of no use whatever to students who desire its close eitamiita^ 
tloo^ There ia ako a deficiency of labek explanatory of the objects* It is aU 
yery weO to urge upon the spectator that he can readily obtain a catalogue, 
though unfortunatcdy such cannot be had ; but on exhibition which is 
got up by Government should not have been wanting — as this one is 
andly— -in explanatory labels* Those who had the management in tbeir 
hands should have taken a lesson from the highly eatjsfactory airange- 
ment that ia invariably pursued in the South Kensington collection. 
The following notes are taken from a a^riea of viduable articles which 
Appeared in the " Academy ^* (May 20, and aubaeq^uent numbers j : — Fol- 
lowing the order of arrangement in the building, the first Section is that 
under which "Educational Appliances" are dasaed; and here the most 
striking feature u the collection forwarded from Russia by the Committee 
of the Pedagogical Museum } the models by Strembitsky, which belong to 
this series^ are extremely good and yeiy instructive, Germany has con- 
tributed largely to this section, and several private tirraa have aent well- 
fiUed ca^es of apparatus! for teaching phyaical science. EnglaJad is fairly 
ropresented, but from France there is nothing, and from Austria, Italy, Hoi* 
land, and Belgium a few objects only. 

In the next section, ^* Applied Mechanics," there is much to intereat every 
one : the original models of steam -enginea and other machines of Watt j the 
original models of Stirling's air-enginej and Trevithick*a locomotive engme 
atented in 1802; the **Ilocket" and " FuHing Billy,*' brought out from 
their retreat in the Patent Office Museum ; Brahmah'a first hydraulic press; 
the steam-engine used on Dakwinton Lake in 1788 ; and the original engine 
of the steamboat Cotmt. The Eoyal School of Minea and the Council of 
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King's College exhibited ^oi}d CitllePiiofis of uiodeJs illustmtive of 
eipks of mecliiinics^ and some equnlly good inodel^ come from Otr 
Ainoijj^ tlie speeimens of naviil architecture are modela of the Fof^ade^^ 1 
mmm€h gunboat, and the VmiaHa ; and beyond these, m the p«a8ag«» leadii 
to the western courtj^^ will be found an iixtere*ling collection, exhibited by 
the Trinity House, under tins sub-heftd *' Lighthouaes and FMg-si|niiils/* fn 
Section % ** MRgnetiam," are some of the apparatus used by Faradny^ and 
the loadatone from wbieH he first obtained the induction dpark; appamtnf 
uaed by I>e la Hive ; the greatest natural magnet known ; stlf*regiBt@ftt>f 
irifitrumenta from Kew, and Lnstrumenta exhibited by the AduitraJty, hum mil: 
which are patterns of those iaaued to the Arctic Expedition, In SeL'tiin ll^ 
*' Electricity/' the special collection sent by the Poiftmaster-neni»nU i.i 
iilustrato the history of electric telegraphy will attract attention, aiid « 
T^nll the original apparatui used by Faraday and by De U Uive, nihtr 
objects of interest are Naime*fl early electrical machine ; Arm stron it's hydro* 
electric machine ; Gramme'iS magno-electric machine ; Coolte and \\'be$^ 
Bton«*a first working telegraph ; the instruments used in the Allan lie Cahte 
Expeditions of 1850 and 1860 ; the original "VVheatMone Bridge: copie»o£ 
the first German telegraphic apjiaratuj constfucted in IBOf)^ of the fiiit 
needle telegraph, and of tiie ekctro-magnetic telegraph apparatus of Gium 
and Wehor of (lutting^n, made and uaed from 1833 to 183® ; and a poIlN 
liglit apparatus by Profe^or Lemstron^ 

' Under Section 1, *^ Arithmetic,*' will be found an old ealculatiny-machiiw 
]n?ented by S. Morland* and made in lCti4 ; two machlnei^ designed by \ 
M ah on, and mitde in 1775^77 ; the portion of Babhage's calculating \ 
put together in 1833 \ the ^'^ Napier Bonea," made about 17t)0, and u««4 \ 
the originator of b)garithma for performing diirision and multiplicati 
Sir William Thomaoa'a tide-calculating machine ; and several calculat 
circles from Germany, In Section 2, *■ Geometry/' tlK^re are many j 
drawing-instruments and models \ and in Section -1, ** Measurement^" 
interesting collection of standard measuring'-apparatus, contributed 
tha Stondarda Department of the Board of Trade, In the latter 
tiom are also Whitworth^s delieat© nieaeuring-instruments, by which M 
ferencea of one ten-thouaandtJi and e^en of onts-milUonth of an in 
Ctm be appreciated, and bis new hexagonal iurface plates; here, 
are Joule's apparatus ; contnbutiona from the Qeneva Aaiociation for C 
atructing *Sciyntific Instrumeutjs; llouleng(S*a electric chronograph; 
forth *a clock-chronograph ; and, among the instruments for moaauring tin 
n tvatch which was twice carried out by Captain Cook^ and again by Cap 
tain BLigh in the Bormftf^ on which occasion be accompanied the mutlno 
to Htcaim^a Island, and finally, after many Tici^^^itudi^ai retumod Ui I 
land in 1843, In Section 4, *'^ Kinematics, f^tntica, and Dynanuoa/* iil 
collection of Gravesande^s apparatus, and a series of KinematJe 
Exhibited by tha^lL Gewerbe-Akademiej Berlin. In the northern pon 
the wiest gallery the classili cation of the catalogue ha* hardlv 
lowed, and the objcjcta exhibited are group.»d more with reference 
"OQse for which they are employed ; thus astronomical inatrumenti, i 
gical instrumental land mirv«y inatrumenis^ mining survey inatrtimeDt^ 
survey instrumonti, and nppumtiis itsed in d**ep-aea explomtiaa, ttdl 



LOAN COLLECTION OF eCTBNTinC ArPARATUS. 



313 



r 



mm 8e|wiiaie groups. This st^ctioii at the coUeclion possesaes so many 
objeoto of interest that it i;* hnrdly poa^iUle to do justice to it in a sbort 
Botieet ftud we can only enumerate lome of the most important^ whiclt will 
be found in the attalogue under Sectiona 11, 14, 15^ 10. These are: an 
uti^labe of Sir Fmneis Drake ; a quadrant of Tycbo Brnhe ; Xewton*a 
klescope ; a quadrant of Napitir ; a transit instrument made bj Lingke, of 
Freiberg- ; a telescope hy Huygh^jns, and *?jc-pieces ground and polished by 
him ; Sir W. Ilerachera 7-foot telescope, and bis 10-foot Newtonian re- 
flectiag telescope ; the Galileo and Torriceili reHca Ironi Horence, including^ 
two telescopes made bj the former j Baily's apparatui; Qauaa^ pendulum 
for demon strati nff the rotiUion of the earth ; (.J ray esa ride's helio«tat ; a com- 
plete Transit of Venus equipment; Colby's compensation-bars used in the 
measurement of the basis in the north of Ireland in 1807 and on Sal is bury 
Plain in 1849 ; Kamsden*B SO-incb theodolite and bia d mailer 18-irch one, 
which waa aet up over the cross at St* Paul's Cathedral j the aurvejing' in^ 
itrumenti in xiaa on the Prussian survey ; instruments and apparatus used 
by ILM. 's ships in deep-sea exploration ; mining instruments ; atjd a line 
collection of metetirological inatrumfiuta. In Section 15, **Geographyi" 
ay he noticed some of Liringsione''s instrumenta ; MS* plans of Livings 
me, Barton, Speke, Grant, and Stimley; MS* joumalsof Cook, Franldiiij 
^nd Parry ; the log of the BomUf/ j the Ordnance Survey collection of maps ; 
■peeimens of the survey of Palestbe 5 and some good mudela of ground. In 
Section ItS, ** Geoloj.'y,*' will be found the apparatus employed in Sir James 
Hall*s C4jlebrated eiperiments ; specimens of the work of the Geo|fraphical 
Surrey ; illustrations of the Sub- Weal den boring ; original sketches by Dr* 
Bubkland j Davy s safety-lamp ; and the latest improvements in goniometers* 
In Section 18, "Biology," are Van Leuwenboek*8 microscope j Van Mu«- 
sclienbroek'a microscope ; the inatrumeuta used by Hooker, Dawson, Turner, 
ftiid Brown, and the instruments recently described by the ReT, Mr. 
DaEinger, in the Mmithit/ MicroBcopicai Journal] and apparatus used 
in the seTeral branches of phjsiolopcal research* In Section IJJ, 
'* Chemistry,'* are the apparatus employed by John Dalton in his ekssic4il 
researches ; balances ustd by Sir Ilumpbry Davy and Dr* Joseph Black j 
F«niday*s apparatus for the condensation and liquefaction of gases f 
Dr* Andrew's apparatus for proving that ozone is a condensed form 
of oxygen ; and a coUection from the Master of the Mint, illustrating 
fJie processea of gold and silver assaying, including an old cupellation fur- 
nace supposed to have been u$ed by Sir Isaac Newton. The collection of 
physical apparatus is of very great intereat ; under the head of ** Molecular 
Physics,** Section 5, are a small model of Col lad on 's new air aud gas eom- 
preasors used for the St Got hard Tunnel; Von Guericke's air-pump and the 
two celebrated Magdeburg hemispheres exhibited at Ratisbon in 1654; the 
first air-pump with two barrels j Thilorier^s apparatus for liquefying car- 
bonic acid J the apparatus employed by Dr, Andrews in bia researches on 
the continuity of the gaseous and liquid states of matter ; and a aeries of 
agrams illuijtratjng the improvements made in the air-pump. Under 
'* Sound,'* Section 0, will be found the apparatus employed by CuUadon in 
ISsrC for ascertaining the velocity of the transmission of sound through 
watery tbe double-^iren used by Helmholtz in hia researclies on sound ^ L$^ 
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Roux' apparatus ; the first obliquely-etroDg upright piano patented by Wor* 
num in 1811 ; models of ancient Egyptian pipes ; Tyndall's apparatus ; and 
a stand of apparatus illustrating the progress of iEolian principles. In 
Section 7, " Light," are : Sir David Brewster's early stereoscope ; a camera 
obscura of Sir Joshua Reynolds ; the original form of Brewster*s kaleido- 
scope made in 1815 ; spectroscopic apparatus used by Sir John Herschel ; 
a fine collection of spectroscopic instruments by Browmng and others ; 
Wheatstone's polar clock ; Crookes' radiometers -, the first photograph taken 
on glass by Sir John Herschel ; the second daguerreotype, a view of the 
Palais d'Orsay, taken by M. Daguerre in 1830; Herschers experiments on 
the action of light on different kinds of salts ; and the results of Dr. Forel*s 
experiments in the Lake of Geneva on the penetration of the sun's rays in 
the waters of the lake. In Section 8, ''Heat," may be noticed the original 
Lavoisier calorimeter, the apparatus used by Professor Tyndall in his re- 
searches on the absc^tion of radiant heat by gases and vapours ; Wedg- 
wood's pyrometer; a Musschenbroek's pyrometer; Siemens' pyrometer; 
apparatus used by Tyndall, De la Rive, and others ; and a very fine collec- 
tion of thermometric instruments. 
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ASTKONDMY. 

fpilE 5t7X— Secclii boa publiftbed a rtjport on solur pbenomona d tiling 
the aecond half of the yoRf l87o. He finda a minimum of activity^ the 
Gultninating epocli of whkh would be in Mflrch Lh70, The uumbcr of pru* 
tuberaDcea has been very varying, from 2 or *j one day to 10 or 12 the next* 
Tbe jeti of hydrogen were usually straight, even if attaining 2' or ocuasiou- 
ally 3' in height ; an indication of great tranquillity. Tbe cbromosphere 
was low at the equator, but often very elevated (24'' ti> 30") at the poles^ 
from the displacement of vm.vhna in that direction* — We are aorry to find 
that the Solar Observatory at Bothkamp htia ceased to oxist| the Director, 
Br. Vogel, having accepted a pout at tbe now observatory of Berlin. Dr, 
Lobse, whose work has been publiflbed together with VogeFe, thinks there 
IB evidence of a subordinate period of 50 days in the eruptive action of tbe sun. 
From the drawings of the Spectroscopic Society of Italy he baa made out a 
curve determined by the times of observation combined ivith tbe areft of the 
protuberanceRj and found that, besides maxima and mimfiia corresponding 
with those of the spots, it showed a well-marked period of 50 days during 
1871, 1872, and the bei^himng of 1873 ; but 3ub9tj<ivientlj the whole aolar 
ticttvity became so small, from tbe 11-yeara' period^ that these secondary 
tittuima became undiatinguisbable. From spectroscopic observatioua LohAe 
is led to infer that the electro- negati%*e elements which are not trac4)able la 
the sun may Qxhi in the outer layers of the corona. He finds many of tbe 
as yut unknown dark lines in the more refrangible end of the solar spectrmu, 
in that of a Herculis, and also, though feebler, in that of Betfit/euse ; but 
they Are not perceptibly in Arctunts.—hotd Lindsay h^ presented to the 
Boyal AstronomicRl Society foiu- folio and ten 4 to, MS. Tolurnefi, containing 
the very valuable series of sun-spot obscrvntions by the late yh. Cwriugtnnj 
between 185;3 and 1871, which was used for determining tho present 
chived values of the position of the solar axis and the drifts in the photo- 
here. Th^y were recently bid for at an auction by the Society, but pur- 
hated by a bookseller, from whom Lord Lindsay subsequently obtained 
them* 

VtnuB,-^Ii is to be hoped that advantage has been taken of tbe favour- 
iible situation of this lovely planet, to investigate the markings of her 
*urfaee, and the irregularities of her teniiiuat:>r. These were once the 
subject ol considerable discussion between Schriiter and Sir W. Herscbel, 
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II nd. on the part of the latter, of some little fwpritT; after v^l^ '■ 
enquiry mfmB^ tn Iftni^uiah till it wii« taken up by IM Vico, bui 
in ft position hardly eoiTeppandirig^ with our rtdvance in the kno ■ 
mofll of the other p la uetury surfiicei. There it Du doubt consider;) 
CuHy in the iDTest^g^tion ; and fnilureaf eren with Im^ «3)4 p^jwprM 
iiiatn»mt*nts* have been numeroua. No queftion, however, e^istA m tu tla* 
occfliiional visibility of brighter specks, and Btill more frequently of dn^ 
ahadiupt ^hich stand on muUipli&d testimony; and ther« ijt tio ndt^qUAli* 
leflAon ffif aot iidapLiag the numerous repreaenlfttions given by Ik' Vicu mad 
bis asaorirttes at Home, from their obseiration* betweeu IkTI) ond Ih41, 
with a 0:J-in. object-glass by Cauchoixj and In n slry of wlio^e ptd lucid 
cleartip«3 we can form very little idea in the perturbed and jiptatni otia- 
dition of thti Engli&h atmogpbere. It Beema gtrange, however, tJiHt iU^^ 
result! should never have been verified at the same oheervalory with ili^ 
very aupflrior nj-in. Merz uHiromatic in the hands of so eminent an tuilm- 
nomer as Beech i ; nor have they, so far as we are awart^^ «ver beeii contltm- 
oualy inveaiigftted elsewhere. It is very true that the eniarg:ed ttpertiir<?«of 
the present time, however keen in definition, are bafHed to a great pjEter*t 
by the intense glme of thin vividly reflective glol)€ ; hut it is no \&» wm 
that this disadvantage might he obviated by the use of a pale acTrecii-^laaiv 
or by employing the hours of daylight, which inde*?d De Vieo found alon«i 
suitable for hi« purpose. And where there are so many instances of 
the CJCCHninnal detection of I h esse spots, even with very fimall aperture^ 
there is nmcli encouragement for the perseverance of amateum. 

Tite Urcnd Tt^onmL —The redaction of the English ob^rvationa is pro* 
ceedinjr vi^rously under the feuperlntendenee of Captain Tup man* Tlit 
amount of work involved has been man'ellous* About fijOOO transits of 
were taken for the cori*ection of clock and infltrumental errors. The Ion 
tudas of the stations at Mauritius and Kodrigiier were measured from Sujpi 
by Lord Lindsay with (ilty chrouometeM } and Mr. Burton has made mon? tha« 
k^flOi) microscople niensures to determine the optical diutortion of thtJ phot<H 
heliographs. It is self-evident that a considerable time mu8t elapj^e befors 
the final result, even of the British observations^ can bid made known : and 
it 3^ not ns yet decided whether a sspamte value shall be deduced 
these, or whether they are to be combined with the results of all oth- 
nations. 

The Mo*m, — The investigation of the flurface of our f^atellite, if we ma] 
judge by the number of published observations, nuikes ut» vfry mpi 
ndvances^ and seems to be little attended to at the principal Europrtu 
observatories* Several am ate urn, however, an* doing jrofid ♦-ervice in wotk^ 
ing out details* Many interesting points remain to Uj diBcuNSed as tu 
probable mode of formation of the limar surface ; in fuct^ very little bi 
Idrberto been dont« in wliat may be termed imleoology. The matertj 
ard as yet not s^ty abundant, but sufKcient perhaps for a roug^b dinugbl 
which would bf* t«Mited and con-ect^pd by futiire obiervaUon* Thero can W 
little reason ff)r doubling that the? key to the lunar conliguratiuns lien In tba 
analogy of the pruptive processes of the earth ; hut important tncnlificj 
would neci>s«sarily Im^ iiitr<>duced by the dii%»imilftr conditions of 
gli>bp*— K*' ih«j ^'reat ditlWreucu in the loKHj of gravilyj in atoii 
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{»resiUFe, posaibly in iQtenial temperature, nnd even ia tbe cohesion und 
fusibility of materials; for thong-b tbere is certainly t'Teiy probability in 
i»Tour of tli« assumption that tne oartli and hut compftiuott are identical na 
to com position J it cannot be considered tis absolutely demonstrated, or per- 
haps demonstrable. TUe supposition tbat the samu elementary iorras prevail 
throughout the Kilnr system hus been rt-ndered indefensible by spectrospopie 
eD<Huiry. Not to insist on minor planetary difTeronce^, which aa yet may be 
uncertain in their indication^ unsolved mysteries yet bang around the central 
tegioD of lij^ht and fire, and the two outermost planet*; of which, prior to 
th« introduction of spectrum -analysis, the telescope could give no kind of 
in formation » However, in dealing with siilenological enquiries, we can 
make no other assumption but that of identity with terrestrifil materials j 
and we should only be justified in abandoning it by diilieultles on that 
hypothesis insuperable* 

Whatever may be the theories of modern geologists, or whatever change* 
may yet await some of their concluslona, one thing seems evident^ that the 
eruptive force whic)i has moulded the surface of the moon into its present 
strange eontij^ratian has been decaying down to either comparative or 
absolute extinclion. It is certainly not very material whether our gem^ri*- 
tion may he contemporary with its expiring eflijrt.H, or with a subsequent 
state of quiescence ; but it h aque!*tion not without mucli interest ; and few 
observers would not hixil with pleasure an opportunity of witnessing the 
activity of a lunar volcano. However, it is still ^nbjufli^^ whether anything 
of the kind has occurred since the invention of the telescope ; and Iht^re is 
more difHcully than might be supposed in forming a reliable opinion, partly 
from the inaccuracies and mistaJcei* of the earlier observers, pnrtly from the 
deficiencies of existing maps^ and partly from the backwardness to supply 
those deficiencies at the bauds of the possessors of the powerful instruments 
of the day. Close invesligation and careful drawing ia required, and that 
under several angles of ilium i nation ; and though photography may render 
moat important service, as that of an eye which never omits anything, yet 
the circuniatancea would be very exceptional which would give to its ren- 
derings the keenneps niid certainty of ocular inspection. Each mode may 
help the other. It is of course among the minutest craters, and, according 
to that great authority Schmidt, among the fissures or cmcks, that we must 
seek for the evidence of remaining chemical life* But change of perhaps a 
kss intelligible nature may be detected amonjr the multitude of light-streaka 
and brilliant patches which variegate the fully-unlightened mnon with such 
perplexing intricacy. There is strong evidence of altered hrightnem iu 
some places^ arid itii much to he wij^hed that some careful, patient observer 
would undertake the task of giving us a portion at least of a map of the full 
moon* 

Mm's. — The next opposition of this planet in 1877 will ^ it is believed, 
give A very reliable value of the tolar parallax ; and the Astronomer Koyal 
has prepared a chart of stars suitahk for comparative observation. 

TVi* Minor JH^meis. — In the ^* Berliner Aslron, Jahrbuch" for 1878 
Profe*3or Tietjen has publish e<l the approxhnate places of 144 of the 100' 
small planets for the present yeiir, and accurate opposition ephemeridea 
of TU — -flora, From corresponding observations of this body in 187^^ 4i 
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in tbo N. and 40 in the S. hemiapberc, Oiillo hue d«duci^d aimlim {ort^ 
fiolar parftllnx of 8" '873. , 

t/r/;?«Vf?%^FlatiimATioii has mm\^ an eitansive series of ob&^mitions on tfcf^ 
Sfttisllilpg, Hg thinks tbat liis re&iilta show ^ diflVrcTtce in tbetr iutrinwo 
jinture* rV" IE hs» lumlnnu^j thoufrh lfl^|^er.^ thftrx I and 11, j\nd verv vtriJ 
able, from B to 10 inng., probably not from permanent e^lM^ but ntmoJ 
spheric changes. IIT fleems invimable^ at 5*9 uiag. I ftnd II nri? aknit Cffl 
And 7 nittga,, both slightly vftriable and very white, I ma bo seen by iIaj, 
whan IV is Invisible. BftjHg^ht alters the relative liiitra, tba Biz« of the 
larger discs gaimnj^ by night* I baa sometimes appeared smaller tbiin II, 
Reduced to equal surface*, the light would atond I» IL IH, IV ; soinpfiiatf 
11 brighter than I, Order of Tariability, IV, I, II, III, There ia moa j 
evidence that the changes in IV may arise in part from its always tumiafl 
the same face to the primary ; but its brightneis appeals complicated witi ] 
atmospbaric duiturbance. j 

Sfiturn, — A series of micro metrical me&aufeaof tlie satellites hm faeeti md» I 
with the Greenwich I;3f-in. equatorial* \ 

Uranm.-^Mr. laeac W. Ward, of Belfast, appears to hare rofk-atodlj 
succeeded in glimpsing by averted Tiaion the two brighter satelHtp* witi ui 1 
objec^gbiss of only 4-28 inches by Wray» the estimated position*) Wiu^f ] 
aubsequently found very fairly accord nut with th<>3e in Marth'i tnWi* j 
Webb also believes that be haa eaught Bight of Titmiia with a very iftA I 
i^-m silvered glaaa ** With ** Hpeculum, 

Slartt itnd Nthd^s, — Baron Dembowaki baa been continuing tbe meantm i 
of double stars, which have for many years given Kim a high pre-enuo0teftl 
among observers. The following period* of revolution which he w\ 
■adopted for comparison may be found of u»e : — f Ilercuiu (iKm^r), 34-2:2 j 
yeois. I? OeroneeCWijkauder), 4Mi^y. f jSbo;7>ii (Thiele), 4i><>5y, ( rntfj 
Mq/. (Ilind ), m-m y. { Ommi (0. Stmve ), mA y, 70 Ophiuchi (ScbiirJ 
04%^7 y. 2 &m, f Schnr), ( 112 04 y. ^ Uoof m ( Hind ), ir^O y. y VkpiM 
(Thtelej, lB50ly* d Cy//«* (Bebrmann), 4151 y. Oj^iw'(Thiele),f«m)*5yJ 
2 ai4 ^ 10 Citmtfapard, Hevel « T IV *J09, This pair is calM by Bmyy 
an elegant object^ 5^ and mags* light yellow, pale blue. The componoM 
are certainly in motion, having been, according to 2^ nearly 37" apart IM 
1*<27, but now only about 20''* O* Strove consideit it undecided whether 
this approaoh may be due to opposite proper uiotjons or orbital eomiectiaiit 
he thinks they may be at a comparaUvely small distance from us, and may 
show a fiensible parallnXj for which the pair is very favourably eiimtgd^ 
Sirmi.^M^r, li^k has obserred a coosiderable diminution in the ftngla 
position of the e<fmeg. Auwers has computed a period of 40'8f)0 Jtftiv^ 
the agreement is latterly less aatisfactoiy. 303 double atari bar» 
measured with the i^m. Alvan Clark infractor at Itugby* AfyiL 
Bcbonfeld haa combined 55 obeervationa of minimn of his own with 
la? by Schmidt, and 50 by xVrgelaiider, all between 1640 and 1^75* Tha 
TeauUing period is 2 -8672^8 days, probabk error ± 7m, The most pro* 
babk duration of the variation, from 3 2 to 37 mag.i k O^b.^ diminifOiifl^ 
moat rapidly Ih, 20m. before min,^ and increaaing most pvfcf^ptlbly At ia 
^qual brightnea^ lh» 47m. aftt?r mm* Dr* Scbjellerup haa pubUsbnd a 
tianalation of the Arabic ** Deaeiiptioii of the Fitted Stars/ by Ahd^iW 
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rabman al-Siifi, m the tentli century, who eTidentlj observed their ma^i- 
tudea with minute exactneBs: bo that liie kbours ftre utirivrtlled even to 
the epoch of ATg^knder^a *' Umnometnft Nova," Dr. Scbjtslleriip has 
given a very intereBting comparative table of the magnitudes of the ptin- 
cipal stJirs, from Ptolemy, Silfi, and Argelauder, which shows that on the 
whole they are as accordant aa could be expected. — ObBervBtiona of the 
nehulie^ and measure men ta of the positions and distances of neighbouring 
nebulse and stars, have been continued at Paraonstown* — The original tele- 
scopes of Galileo have been sent over from the Florentine lluaeum to i.7ur 
Scientific Loro Exhibition. — Colonel Cooper's Observattiry at Marltree, con- 
tiuning the great 13-3-in* Cauchoix achrooiatic, which has been long sulfer- 
ing greatly from nej^leet and decay, la now being restored aa fnr as possible 
under the care of Dr. Doberck, and good work may be expected from it» 



BOTANY AND \TEGETABLE PHYSIOLOGY. 

THe Ormcth g/ the Male and F&ma^e J^iotrern of Vffiimeria Spirtrl^g.^In 
reference to & note on this eubjeet in our number for April, Mr.W. Morn son j 
the Honoraiy Secretary of the Dundee Naturaliat^* Society, sends uj» the 
reaulta of some experiments that were conducted by Mr* J* Hood, one of 
the Vice-Presidents of that Society* He sayn : '* The plants have been in 
cultivation since 1865, and during that time there have been female flowera 
four season 9 and male flowera on two seaaoiis ; the latter in the yeare IBiiO 
and 187i>» The planti continued in flower from June to about the middle 
of August, The male flowers, including peduncle, never exceeded IJ 
inches in length, and the length of the portions above the soil ranged from 
3 to 1 inch. From their shortness they may sometimes escape observation* 
The results of the observations on the rapidity of growth in female flowera 
were:— 
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meaaured plant^ and found it to ba 
2 inches in length 
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The observatioua were not continued further. It will be seen that the 
flower increased in length 29^ inches in 37^ hours^ and that the increase 
was much more rapid by night than during the day. Seedling plants are 
growing in the aquarium from lant year's seed.'- 

Rq^eriftienU on ihe Dig&dke Part^ of Pkmti. — It is stated by a contem- 
porary that Dr. M. T. Masters has been experimenting on the functions of 
the nectaries formed by the small cup-ahaped petab of HeiiebwttSf and finda 
that they absorb or digeat nitrogenous substances, repeating in all respecta 
the phenomena of the leaves of Drmera and Bimiisa. 
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The Ztmzihfir Cuptd and fiw CofniUr^e.—X very interesting p&per weiJ 
that recently rend before tbe Lmoenn Society (April 20) on this subjecl. Itl 
was *4 letter from Dr. Kirk, af ZaDzLbru-, wliicb wm rend by Br, Hooker. It] 
referred to tlie identificatiaii of the modero copikl-tret*, Tracht^ioltittm ZfomrJ 
rnmtni*mttm, witb thnt which yielded the Ziuiiibar C-opnl or Gum Anumal 
now found in the eartb on tlie Eaat Coast of -Vfii^icap and oft«n where bo cop»i 1 
yielding tree now exhU. Little doubt now restt ni to tbe identity of tbi»l 
»eiiii-fo*<aii with the lifing tree, inasoiuch m bijugate leaf, flower-badpl 
fiowar, ovary and stuniena, chftracteristic f»f the latter, have been di^ieoTt^r^l 
in the so-called xVnimi. Dr, Kirk ia inclined to nccount for their diffetenofl 
in quality by a molecular or chemical change in tbe buried materi&l ; im-«J 
proving it thereby^ and as a consiequence increasing ite market ytilue. I 

Fioral ^E^watione.^ At the meeting of the Linneaa Society (June l|rl 
1870), tbe Rev, G. lleaslow read a pap«r on "Floral j'E?'tivationa/' in ' 
which he explained tbe origin of eight kinda, more purlicakrly referring to , 
the new terni '* balf-jmbricate," This latter he applied to a large numb*-.? J 
of cases ranging from perfectly regular to extremely irre^lar and lygo-J 
morphic iiowera of the pea and anapdrflgon, The author addad a note oil M 
new theory of the cruciferous flower, b/ued on a quinary type. He ulso dii*| 
puted the tenability of Choriaw in the pairs of long atamenii, regarding tbeirl 
QCCAi^ioual union ns indicative 4jf evolutionary advance and not retrognift^l 
sion; w^ eohi^tiion ts a subsequent stage to freedom, except in the r&re meH ] 
of ntavism indicated by solution nnd dialysis. The justness of Pfeffef'tl 
Tiow of the corolla *:i( Ptimidti being an outgrowth of the andro?cium hi I 
cuils in question, giving pevenil rea^jons in support of this adverse opinion. I 

AfH^ftn C&ffhe-planU. — A paper was r^ad before the Linnean Society J 
(April 20), on the African species of the genua Coffm, Linn., by Mr. W. fVl 
Hiera. As now restricted thiii genus belongs to tbe Old World, attribnteMl I 
American species being referred la t>ther genera. Out of seven Indian tp»-I 
cies one formerly was cultivated, but has been superseded by Alrii-*ftn pknul 
The author difitinguiBhes thirteen specii-s as iudigenoua to the .Vfricnn ron«| 
t incut, and two to Mauri ti as and Bourbon. Of tbe former, two kind* ar«l 
found in East and Central Afrieai the remainder ranging along tbe WVftl 
Coast The ordinflry commercial coflee, he abowa, grows wild in Abywdai*^ 
and other pitrta of Afriwi ; and m to the celebrated Mocha coffae^ he rcganU J 
it Jifl but a doubtful variety of the ordinary sort. A technical description if I 
fur the &rat time given of Liberian cofiFee, O. Uberictt, This tin ly r^c^ntlra 
has acquired importance, having been introduced into England in 1874 hjM 
Mr. W. Bull, the horticulturist Already, however, it^ fame m »pw^infM 
far and wide among coHee-planters, especially those of f ■eybn, It^ intrvJ-J 
duction there hm been rej^arded aJ« a gre«t Woo, and jupIIv k>; ita qual)*i 
ties far surpiiBaing any kind hitherto known. This undoubted diatittCM 
*<pecies of coffee ift robust, liardy, and very prvKluctlve, It is lftt)re-l4^^| 
Hud big^berried^ and the hitter in flavour and aroma are very superior til^^| 
common C\ nrMca. As it lii rives nt lower altitudes and in districts intmloifl 
to the lattaTr it« commercial jm parlance hereafter ia likely to be very gr«atJ 
Other useful qualities attribuled to it time and experience may test. M 

P^ttlmr FciW c/ Ants* — iir, FrsncLs Darwin r* Afl a paper ** On ImI 
* 'landuhir Bodic?* on Acavm npherroctphah and CVnvptH in^lkUa^ mxxw^.ml 
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Rood for Ant^*" The atrurtures in question were diflciivereil by Mr. Belt 
(Nicanigna), nnd subsequently futtber ob^ecvatiotia made by Fritst Miillcr 
(Brsxtl)i TFhile Mr* Darwin hm more pnrticiilarly entered into tbeir mmute 
conipcjaition. In At'acm they are of two kindsp smaU, aomewbat fljitten^d, 
pear-sl taped bodie^s whJcb tip six or seven of the lowermost leaflets of tba 
bipinnAte leaves. In Cecropta cylindrical bodies are developed in flat 
cusbiona &t tbe base of Ibe lenf sialic, Mr, Darwin sbows the microscopic 
fttmcture ici all of tbese to be homoloi^ous in kind, ceHulnr, protoplasmic, 
ftnd containing oil -glob nl eg. He infers, moreover, they bear n relation to 
tbe serration-gland a of Reinke, in certain caae^ afterwards being C{>n verted 
Into atorea of nutriment, whicb undoubtedly tbe ant a live nn, and in tbeir 
tum protect tbe trees from tbe ravagea of tbe leaf-cutting miU, — Liimeiiit 
Sodety, June 1, 

Ft/ihinm Eq\tudL — Great interest ia just now attached to this eurioua 
parasite^ nod bitberto it has not been recorded aa Britlab, Dr, SSadebeck, 
«f Bi^rlJn, described the plant last year as a new species of Pytbiuui, para- 
sitic upon luf/uisdttm cjriw/*e, Mr. W, Smith aaya ('* Gardener ti Chronicle ") 
it bears a considerable resemblance to the bodies discovered last year^ and 
referred by me to the secondary eondttion of the potato fundus. It ulti- 
mately appeared tbftt Dr, Satlebeck nlm hist year fyund a similar paraait© 
iafestin? and destroying living potato plants near Coblenz, am! at the time 
he referred ibti Equisctum and potato parasites to the same fungus, and on 
8«^ing luy micro-photographs be donbtfn Uy threw out the suggestion that 
All three fungi might possible prove to be the same with each other. On 
tb«8e inautiieient grounds a report was apread in this country that the organ- 
lama described by me wore the same with Dr. Sadebeck* a Py thium Kquiseti, 
tmd the *^ Journal of Botany " for March last stated, in reference to Py thium 
Equiaeti^ that it had " lately been attempted to connect tbia fungus with the 
tioeporei of FeronospQm iitfedantJ^ Dr. Sadebeck can hardly be said to 
liftve made s^uch an attempt, for in a very kind letter that he wrote me on 
ilarcb 2ii la*t he eaid the presumed identity w»s a mere ** supposition/' 
thrown out in a preliminaTy paper, that he was without ejcperiment* from 
which to form a definite concluj^ion, and that he had not been able to infect 
tbe potato plant artificially with the Py thium. Dr. Sadebi'ck'a excellent paper j 
and the evident strong external resemblance of hh newly-diicovered plant 
to mine, made nae extremely desirous of seeing the Berlin plant, but on writ- 
ing to Dr, Hadebeck to this e fleet he replied that be bad no specimens. It 
therefore only remained to look out for the parasite here, and I was fortunate 
eooni^h to enlist tbe good services of Mr. B. D. Jackson, F,L,R., who sent nic 
mm% capital specimens of Eiimietmn an^tee from Snodland, Kent, on April 
25* The finst piece of Equisctnm I examined imder the microacope displayed 
the presence of fungus spawn ramifying amonpt the tissues ; so^ from ex- 
perience gained of the babita of some of tbe lower fungi, I half submerged 
the specimens of Equisetum and kept them covered up in a dark place. In 
ten days tbe Equisetuiu plants were dotted inside and out with gelatinous 
patches^ and every patch was a mass of Fy thium Equisetum, Though 
bearing a strong resemblance to tbe CArly condition of the bodies found by 

^De in the Cbiiwick potatos, yet Pythiunj Equiaeti is clearly not the &ame. 

HIr. Berkeley, who has seen both plants, writes me that he ci^n aiders tbent 
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**decidedlT different/- I have hkitn uniiLltj to iufert llit? potftlo plnun 
the Pyfliiiim or the Iy]iiisetura with my potato oosjic^res. My cxpt'ii^ 
therefore, ngrce with the resnltB *ibtaiaed by X>t. Sadeheck, md tU« two J 
«i tee may he considered different, 

7%t Bttick Knot of Plum mid CAfirn/'tfec$ h the subject of an irnpo 
memoip^ lUtistrated by plates, in the ** Btilletin of thy Unrvftnl Unj risrsityJ 
The piip^r is illustrated bj^ three beautiful pldles, sbowing this dj^pgu^ 
Tarioufl !itnires» and the whole structuroi development, and fruetitiracion 
Sphoria 7nfHo$a of Schudnitz^ the fun^ua which produce.^ thb biack knrt 
Tvhicli BO deforms and injures pluin and chertT-treeB throu|fbotit thi 
Northern States and Ooaada. The ren*edy is the kisife or tlie ax«t, ¥<i 
preTention Dr. Farlow Tecooimenda the extirpation of chtike cherrr-tTwa, 
upon which the peat largely breeds in the vicinity of Boston. Farther west 
it would all the more be necessary to destroy ftll the wild pliini-!r44« 
(Pnmtis Ajufrivana)^ which are fearfully infested. 

Mr, Meehati'n E.rptamiihn of kin Attack o» ilfr, Ihrwm. — ^At a 3i*rfd 
meeting of the x\cadin«y of Philadelphia Mr. Thomaa Meehan i^inarkd 
that the American correspond eat of '* Nature *' had chaiactfriaftd 
jieceat re mark a of his on fertilization by insect agency as an attack 
Mr. Darwin, He thought the nienibera of the AG^emy would bear 1 
out in llie statement that the facti and obeer¥fttioa« he btd fiQm time 1 
time otlered were submitted in no spirit of antagonism to Mf. Diirwin, bn 
often favoured as much m they opposed views held by that diiitingutslia 
gentleman. Even tho»& who were avowed partisaas of Mr. Darwin ftU i 
Decesiary to etrengthen thi^ir position by searching for new faclf. Suwl^ 
the mere atudent^who waa willing to wait till the evidonco was all 
might offer the facts as he found tbem, without being liable u> the ( 
of direct antagonism. 



CHEMISTRY. 

Detedwn of Chki>ry in 0*f^, — Profe^or Wittstein, who ba« a long 

on the adulteration of coffee in the *• Chemical News'* (May 12), atatet tl 
Mr. J, Hondey, aome tin»e ago, proposed the following proceas for the dnl 
iioit of chicory in coiTee t- — If to n much diluted decoction of cbieoiy 
solution of bichromate of potaah be added^ no seiisiblt TfMction wiU 
place. If, however, w© subject to this same reagent a decoction of pttii 
colVec, its colour will immediately darken, and become brown idmiUf t> 
porter* This ija* therefore! 0-° ^^7 method of distinguishing between ill 
two^ provided they are separite. In nuxtures the determination of tlu» in^ 
purity becomes touch more dilhcult. In tliii enAaa dilute decoction U 
of a weighed quantity of the suspected mixture. It is then to be hxralai 
boiling and treats with the Bolutton of bichromate of potasb. A 
decigrammes of copper sulphate are next added, and the solution l» 
to be boiled, wberaupon a dark Vrown floccuhmt precipitate will be fonni 
Thi' depth of ita colour depends od lb*? quantitj^ nf cuUeeio the miJctum^ and 
wo have thu% by eaiiipnn^ this precipitate with a similar one of tbfl 
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quantity of puro coffee, an approximate method of examining our mixture 
quantitatively. 

The Reaction of Biliverdin. — ^Tliis is a subject to which Dr. Thudieum 
has recently been devoting his attention. lie read a paper upon it at the 
meeting of the Chemical »Society on May 4. After stating that the cause 
of the yellow colour of the skin of persons suffering from ** yellow jaund- 
dice " was bilirubin, whilst the dark colour of the so-called *' black jaundice'' 
was due to the presence of biliverdin, he proceeded to describe some deri- 
vatives of the latter substance. Monobrotmnated biliverdi/if CgllgBrNO,, was 
prepared by passing bromine vapour mixed with dry air over finely powdered 
biliverdin until it ceased to be absorbed, and the product was then heated 
to lOO^C. in a current of dry air. It is a black powder, insoluble in ether, 
and very little soluble in alcohoL It is soluble in sulphuric acid, but is pre- 
cipitated on dilution with water. It is soluble in caustic soda, being preci- 
pitated again in brown flocks by acetic acid. Hydro-biliverdin is formed on 
treating a solution of biliverdin in dilute caustic soda witli sodium amalgam. 
It dilutes alcoholic solution, gives a spectxum showing an absorption-band 
overlying the line F equilaterally, and totally different from the broad band 
between E and F shown by solutions of hydro-bilirubin. We are not 
quite prepared to accept Dr. Thudicum's views as to the pathology of the 
disease. 

The Manufacture of Sulphuric Anhydride, — A paper on this important 
practical subject was read by Dr. W. »Squire before the Chemical Society 
cm April 20. Dr. Squire, after giving a sketch of the history of the manu- 
facture of sulphuric acid, described the process for preparing the anhy- 
dride. The vapour of ordinary sulphuric acid is passed through a white-hot 
platinum tube, whereby it is almost completely decomposed into water, 
oxygen, and sulphurous anhydride : the mixed gases, after passing through a 
leaden worm to condense the greater portion of the water, are completely 
dehydrated in a leaden tower filled with coke, over which a stream of con- 
centrated sulphuric acid is allowed to trickle. The dry mixture of oxygen 
and sulphurous anhydride is now passed through platinum tubes heated to 
low redness, and containing fragments of platinised pumice, when the gases 
recombine to form sulphuric anhydride, which is condensed in a series of 
Woulffe's bottles. 

Experiments on the Sugar Beet have been lately carried out by MM. 
Fremy and Deh^rain, which show (Comptes rendus, April 24) that saline 
solutions identical in composition act very differently upon beets accordingly 
as the roots plunge into the solutions themselves, or as the latter merely 
occupy the pores of the soil. On planting beets of different origin in iden- 
tical conditions as to soil, manure, and watering, roots are obtained differing 
in th^ir yield of sugar. An excess of nitrogenous manure lowers the per- 
centage of sugar in all beets, but those of a superior strain preserve still 
Buch a quantity of sugar that they may be advantageously treated. To 
produce from a given surface the maximum of sugar under conditions advan- 
tageous alike for grower and manufacturer, we must depend above all on a 
judicious selection of the seed. 

Calcareous Alabaster from Mexico. — M. A. Damour says, in a paper 
read before the French Academy, on May 8, and quoted by the *' Chemical 
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Kew9^*' Mnj 1J>^ that tlnj;! ntsiterhil is known in comnierre as the ottjx tfif 
Tecali* It varies in colour from tnillc-wbit<?, ?ellowiiLh white to pale pemt 
Ctrtftin samples dispUying brriwii veins stiadiug into red. J I tflkes ft fine 
poiisij. Its a|>crific grnvity h 277, It is readily and entirely aoluhle 
nitile acidl* lu eompciaitioii ia — 

CarbotJie «dd , , , , 43" 52 

Limo , * . , , 50*10 

MagneaiA , , » • 1-40 

Ferrous odde , . , - 4*10 

Mfini^anotis oxide . * . 0*22 

Wttter . ■ . , , 0*00 

Silica , . . * * tmoes 



mnu 



Stdphur in Coal Grt*.— M. A. Ymgo itatea tbat ("Cbemiail Nl'wC 
May 12) be found, in portion* of 100 eubic feet of jrwa mmie at CJtJeaa, 
rcapectivel J 2, 1 81 , 1 '9, 201, and 3'2 grins, of sulpbtir. He reiulily deCecM 
tlie presence of i^ulpburou^ acid m tbe air of rooms liy^b ted wilh thisgnt,iad 
dt*monfitrates its r*>ady eonvei'sion into eulpburic flcid in contact wilJi 
organic matter, ench as cotton jam, 

BxperinienU ait to Intt^ctiades on the Fht/Harrrft. — M. Dumti^ boolt 
tbis Bubject Ha* been pubU.*bed, and has been reviewed in the •* Clie 
News ■' of Ma? 2, from which we take the follow mjr reraarke * — ** Ai 3 
ffarda the phylloxera of the roots it is found that the 8iilpbo*carbonat« 
potaasiun), of which more than 20,000 kiloB. bflve been already imwi. if ( 
rapid inaectkide* the only one which certainly destroys tht^ phTUoxema fii 
upon the roots, and which afibrds at the same time an el!ident nourishiaiot' 
to the vine. The eulpbo-carho&ate of aodinm oHem fiiniilar advniitii|r«til 
an insecticide only. The sulpho-carboiiate of barium being tin anhydrmii 
*alt, and ^iparingly aoluhle, ia recommended by its resistance to the actioa of 
oxygen and to that of carbonic add, which renders it a poison less mpid, but 
of an effect more durable. As to the winter-eggs tbt* heavy oil of j 
and especially Iho so-called oil of antbrmcen, seems to be the mo«t i 
agent for anointing the brauebes and for destroying the winter-egga, ^ 
application of gas^tar to the tminches and of sulpbo-carbnnatet to th«| 
is best performed in the months of February and March, 

Beallt of Dr, XefAe&jsf.— The ** Analyst'' says: ** Wo have to 
with deep regret — a regret which will be shared by our readers — the \ 
aomewhat suddenly, of Dr. LetJiehy, He bad been unwell for some i 
bis cfimpUJnt Wing, we believe, inflammation of the lung?, Dr, 
was too well known in the chemical world to reqiure any lenp 
obituary notice at our handj». We may, howerer, mention that ho ■ 
early member of the Chemical Society ; that be took his >LIi degnia i 
184Sr became Ph.!!. and M,/^ in 1858; that amongst the num«l0«ii 
ftpptintmetit* which he had held were those of MedicjU Officer of Ilaalll 
aud rubVic Analyst for the City of London ; and that he wiis the aitUM)? of 
iiuirierous scientific and hygienic works. ITe died in bis sixtieth year.'^ 

The PhjditLihjn of Brundm in America. — The *' Americiin Journal cl_ 
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Pharmacy '* states that bromine was produced in America as early as 1840, 
for photo|^pb purposes. With the decline of the daguerreotype process the 
manufacture of bromine also ceased. In 1866 the employment of bromides 
in medidne renewed this branch of industry/ the element being obtained 
from the mother liquors of the salt-works at Tarentum and Natrona in 
Alleghany. In 1868 an increasing demand led to its production in Penn- 
sylvania, Ohio, and Western Virginia. Between the years 1807 and 1873 
the amount produced rose from 5,000 to 88,000 kilogrammes. Up to the 
year 1870 the yield merely sufficed to supply the demands of the United 
States, and during that year bromine was first exported. Since that date 
the amount produced has steadily increased, and has so largely exceeded the 
demand that no new factories are now erected. 



GEOGRAPHY. 

Setum of lAeutenant Cameron,^ At the meeting of the Royal Geo- 
graphical Society, which took place on April 11, Lieutenant Cameron was 
gallantly received. The meeting was held in St. James's Elall, which was 
crowded by a large and fashionable audience. The chair was taken by 
H.R.H. the Duke of Edinburgh, who in the course of his opening remarks 
congratulated the navy on the fact that a member of it should have accom- 
plished so great a feat as Cameron's journey from sea to sea was. Lieu- 
tenant Cameron then gave a brief resumi of his journey from the East Coast 
to Ujiji, and thence across Lake Tanganyika to the West Coast. The main 
features of this narration have already been made known to the public 
through the pages of the '' Geographical Magazine '* and ''Proceedings'* of 
the Royal Geographical Society. Regarding the interesting question of the 
outlet to Tanganyika, he stated that there was no place to which the 
Lukuga could flow except into the Lurwa, and that native information cor- 
roborated this view. Apart from the great difference between the volume 
of water of the Lualaba at Nyangwe and that of the Nile at Gondokoro, the 
levels proved conclusively that the two rivers could have no connection. 
He had seen a good deal of the slave-trade, and observes that the Portu- 
guese are the principal agents in the trade, the Arabs as a rule buying only 
enough slaves to act as porters and servants. The only effectual way 
of putting an end to slavery was to open up Africa to legitimate commerce 
by utilising the magnificent water-systems of the interior. Sir Henry 
Rawlinson expressed, on behalf of the council of the Society, a high opinion 
of Cameron's services, which, besides their geographical importance, were 
equally interesting to the politician, the merchant, and the philanthropist. 
He liad been almost continuously on the tramp for two years and eight 
months, during which he had been exposed to every kind of hardship, and 
had travelled over 3,000 miles. His observations, which numbered over 
6,000, were copious, elaborate, and acciirate. Among the most noticeable 
of the results of his expedition were his exploration of the southern half of 
Lake Tanganyika and his discovery of the outlet, and his demonstration of 
the probable identity of the Congo and Lualaba. Another important result 
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was tLe difcoverj of a uew poliUail pcvwer, ibiit tif KoAon^, 
gtejitest chief in equntiirial Africji. Any TO>?rt.siire8 for ^ , ^ the 

iilftve-trade would probably be carried on through bli ngiencj* Lirurt^nniil 
Cam em n had tmekt^d the iitrodioua tmffic in davea to itfi fom)tairi*bt*ttd» and 
had thua rendered a great service to civilbkation as well its to geography* In 
concluHion, Sir Henry announced that the eouneil of the Society had_ 
awarded the principal gold raedal of tho yewF to Lieutenant Oameftja 
After a few remark* from Dr. Badger and Sir Alexander Miliit?, tbu latt 
of whom pronounced Lieu tenant Cameron lij he a credit to hia ^Jn ifi5*6ton 
H.R.H. tin? Duke of Edinburgh moved a vote of thanks for the pHper, mii 
the meeting broke up. 
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GEOLOGY AND PAL j^OKTO LOGY. 

Mdatitmn between Mepiilet and Mamtuntu, — ProfeBSor Owen UnA 
deftcrihed a carnivorous reptile, named by hixn C^ioiiraam mtij^tr^ whicli 
the compressed sabre*s«haped canines of the Hon of the genua Macheti't 
and re^mbles camivortfs both in the cfuiiuei* and inciaora. lo the lowar] 
jaw the baaea of eipht incisora and of two CAuinea (very inferior in Mt^U 
the canines of the upper jaw) are vUihle| and the canines are sepj^rated by a 
gap from the incisors. In this character, aa in the number of inciH^in, iha 
fossil re^emblea a Didfiphf/$. The left humerus is 10 J Inchm hmg^ btit Is 
abraded at both extremities ] it pre&eata charactera — in the ridges fur iii( 
ciilar attachment, in the provision for the rotation of the furearm^ and ia thi 
presence of a strong bony bridge for the protection of the main arlerjr 
nerve of the forearm — which reuemblo those occurring in carnivoroua mai 
mals, and especiftlly in the Felidie, although these pecnliiirities ar« 
ciated with othnrii having no inammdian resetnblancea. Professor Owen 
diBCttssea these charneters in detail, and indicates that there h, iti tha 
probably Triaasic lacustrine deposits of South Africaj a whole group 
genera, many represented by more than one ppedes, and all camivoroi 
which have more or le^ decided mammalian analogies; and to them ht 
gives the general name of TherUahnts, 

The I^irified ForeM tjf Otii/hmia. — At a recent meeting of the Ti 
Scientific Asaociaticin, Br. Wi^rd delivered an address on the P^lrifii 
Forest of California. He considered the peculiar fractnre of th^ Ml 
petrified trunks their most suggestive and important peculiarity, atnca iha; 
are broken up somevvhat &ymmetricaUy in a manner that might hafipen 
wood rendered brittle by charring or perhaps by partial petriractaon, bdr" 
Ci>uM hardly be conceived as occurring to ordinary wood Of stone, 

The Bram of DmGCera$ seems to have beea remarkably smalL The Ditm- 
crraSf which baa been recently discovered hj Professor Marsh in the 

of Wyoming, nearly equalled the elephant in gi£e» hut the Hinba wipi 
bovtcr The head L'ould reach the ground, and there is no evidence that 
carried a proboscis. Professor Marsh figures the skull in hiiaeeflmd mem 
err titled " Principal Chafftct**rs of the Binoceratft." ** The brala-carily 
iJiiiw-eriis [<* perhsipd the most remorJcAbk fcattuna in thit remarkabk guai 
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It proves conclufliyely that the brain was proportionately smaller than in 
any other known mammal^ recent or fossil, and even less than in some 
reptiles. It was, in fact, the most reptilian brain in any known mammaL 
In D. fmrabile the entire brain was actually so diminutive that it could 
apparently have been drawn through the neural canal of all the presacral 
vertebne, certainly through the cervicals and lumbars." 

Hemakis of Coryphodon and Dmoceraia. — The examination of a series of 
Mammalian remains, obtained from the Eocene deposits of Wyoming^ 
Utah, and New Mexico, has led Professor Marsh to infer that the genua 
Bathmodon described by Professor Cope clearly belongs to the genua 
Coryphodon of Owen. This is especially important and interesting, as the 
geological horizon of the remains is essentially the same in both countries, 
and the American specimens promise to clear up many doubtful points in 
regard to the animals themselves. The characters shown in the skull and 
limbs of Coryphodon indicate that this genus was essentially Perissodac- 
tyle, and represents a distinct family which may be called Coryphodontidoe. 
Professor Marsh has described the principal characters of a well-marked 
group of gigantic mammals, which are abundant in the lower Miocene de- 
posits on the eastern slope of the Rocky Mountains. These animals, the 
Brontotheridss, of which four genera are known, equalled in size the gigantic 
Eocene Dinocerata, and resembled them in some important features, but 
differed from them in having but a single pair of horn cores and no crest 
aroimd the vertex ; the structure and number of the teeth were also quite 
different, and do not belong to the same order, but constitute a distinct 
family of Perissodactyles. 

Birds with Teeth, — ^The same author has also given an account of a 
remarkable group of birds with teeth, obtained from the cretaceous beds 
of Kansas, where the associated vertebrate fossils are mainly Mososauroid 
reptiles and Pterodactyls. They constitute a sub-class, Odontomithes, com- 
prising two orders — the IchthyornitheSj having the teeth in sockets, bi- 
concave vertebrsB, a keeled sternum, and wingd well developed, represented 
by Ichthyomis and probably Apatomis, and the Odoniolca, with the teeth 
in grooves, the vertebrsB as in recent birds, a sternum without keel and 
rudimentary wings, repre^nted by Ilespeomis. The occurrence of toothed 
birds in England has been described by Professor Owen from the London 
clay of Sheppy. 

American Fossil Fishes. — Professor J. S. Newberry has further described 
the structure and relations of Dinichthys and other fossil fishes from the 
Devonian and Carboniferous strata of Ohio. The most striking feature of 
Dinichthys^ apart from its great size, is the dentition, which is massive and 
peculiar, and offers some remarkable and suggestive points of resemblance 
with Coccosteus among fossil, and Lepidosiren among living fishes, besides 
which there is a singular correspondence between the ventral shields of 
Dinichthys and Coccosteus. From the examination of a large amount of 
new material. Professor Newberry remarks that the discovery of Dinichthys 
is a matter of interest, not simply because it adds another and the most 
gigantic to a strange extinct group of fishes, but also because it serves 
as a connecting link between several genera of Devonian Placoderms, of 
which the affinities have been somewhat obscure, viz. Coccostetis and 
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PttfricMhjfs with Ajderotepu and Jfrfw-oaiiW ; and more afpeciiillv becaoB© If 
sliowa a Illation ahip to esi^t b*itween thesto peculiar Mhm aud the flnom&lon* I 
living Li'puMtm^ aod tbtiii abowing llint iirobuMj m pftrjillrl line 
upward fmui tbo DwToniHii Placodenus %<> tbe otbi^r livmg branch of did 
Dipixciati familjt now represented by Lepidosiferi and Prutopterus. 

A mm Trihbke. — Dr. H* T* Burrett h«s described^ in tbe *^\tneficwi 
Joumal of Science" (March l^TG), a uew and inten?sting form of Trilobite,! 
Paitmmites de^itnta^ m named from the peculiar dentivte margin of the! 
cephalic shield, Each tharacic sogmeut tentanat^a with a blender t^^j 
epine, curved outward and bacWard, Thia species ia foaud in the IjOWierJ 
H^lderberg formfttioHj noar Port Jervjff, Orange County, Som« of tbe lajren | 
of the rock are maiuly mad«j of ita remains. 

On a Gifimtlk Bird from tht* Eoc/^nc of JSW M^.tieo^< — Prof^Of CiJfii 
exhibited recently to tbe Philadelphia Academy of Science atareometnt 
of a bird, diicovered by himgelf during the erploTationa in Kew M^xie 
conducted by Lieutenant G, M. Wheeler, U, 8, A. The cbarftctera of Itt ] 
proximal extremity resemble in many poioti those of the order C\ 
(Tepresented by the Sti-tdhimidw and Dlmmmjt while tbote of tbe dh 
end are, in the middle and inner trebles!, like those of the GaM&mi9 of ch«1 
Parid Baaln. Its size indicatea a specie^i with feet twice the bulk of ibo«« 
of the ostrich. The discovery introduces tbb ifroup uf birds to the lam' 
fftume of North America, rei^ent and extinct, and denionstratea that thif 
continent ha^ not been destitute of the gigantic forms of birda, hereiofod 
chiefly found in the Southern Hemiiphere faun». 



MEDICAL SCIENCE. 

Th^ PhifsMoffi/ of Jhm'uiff.— The ^'Berlin Junmal of Ohenaiatry' 
T©apon*iible for the foUowuig fact^, which it gathers from a medical joiinud* J 
It »tate& that Ilerr Urbiuilecbitch calk attention to tiie fact that if a w»tc4 
be held at a little distance frooi the ear, the ticking ia not heard nnifortilyfl 
but there im a siwdling and diminishing of the sound, Ifheld at «uch a i1i»- 
tanco as to be scarcely audible, the ticking^ will come and go^ being at time 
perceived diitinctly^ but at titnei becoming wholly inaudible^ &a if 
watch were being moved to and from the ear. This Tariatton in perctptioil 
in not alwajB gradual; it is aometimea sudden* The suinc holdj gtuHl (tx 
other weak sounds, m that of a weak water-jet, or a tuuing-fark. Sin 
breathing and pulsation have not tbe least intluence on thv pht'iiomonoUj 1 
interruptions of the at^nsation must bo nttribuled to the orgnn of heann 
itself; our ear ia unable to feel weak aenustjc stimuli uniformlyp but h« 
varying time« of fatigne. To decide linally where tbe piKinlianty lay, ^ 
Urbantschitcb made both car*piLF%aages air-tight and applied atuniitg-fork uui 
a watch to the bead. The sounds seemed not continuoua, but InterxtiitKnt 
Tbe ciin*e rauiit therefore be in the nervea uf bearing. 

JVw Filtrisiim% &f Typhoid Gei^m*.-^ An important letter on this aubj* 
with tbtt general term^ of which we entirely a|free, has \n*mi pnl' ■ 

-K •^^nitary Ittseord/' June o. Dr, Tripe adk attention to the ... 
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recently made by Mr. Wanklyn, at the Society of Medical OfTicen of 
Health, one of which concerned the purification of water supposed to con- 
tain the germs of typhoid fever. The following quotation from Dr. Tripe*a 
letter will fully explain his position and that of Mr. Wanklyn :— " I 
attended the meeting, but arriyed too late to hear Mr. Wanklyn 'a ppeoch ; 
but was informed that he had stated that the non-detection of albuminoid 
matter, by Neasler's test, after distillation of filtered water with an alkaline 
permanganate, was strong proof of the absence of typhoid germs. The issue 
thus taken is one of the greatest importance, because if Mr. Wanklyn*s 
statement be true, the most polluted water can be rendered potable and in- 
nocuous by filtration through a moderately thick bed of filtering materials. 
Certainly this statement is contrary to the opinions held by mont other 
chemists, and if it be based on the absence of ammonia after distillation of 
the suspected water with an alkaline permanganate, the assumption is almost 
certainly erroneous, as Mr. Wanklyn himself admits that all the albu- 
minoid matters ore not converted into ammonia by his process. He would 
appear to have made this statement without knowing the size of the minute 
organisms which are suspected to be typhoid germs, otherwise he could not 
have placed any reliance on the Nessler test. Dr. Klein says that they 
are one-third the size of the blood corpuscles of man, but his engravings 
show them to be much smaller, and to possess only about one-sixth the area 
of a blood-disc. Now if they are similar to bacteria in their mode and 
rapidity of increase, it would be only necessary for a very few to obtain 
admission into the human body to set up their specitic action, provided the 
person were susceptible to their influence. Does Mr. Wanklyn say that he 
could detect by the albuminoid ammonia process a dozen of these, which are 
less than the total bulk of one blood corpuscle, in half-a-pint of water F 
and if not, where is his argument ? *' 



METALLURGY, MINERALOGY, AND MINING. 

Compressed Peat, — " Silliman's American Journal " states that peat pressed 
into blocks and made so compact that a cubic foot weighs 85 to 100 pounds, 
is manufactured by Mr. A. E. Barthel, of Detroit, Michigan, and sells for 
one and a half dollars per ton. 

The New Metal Gallium. — At a meeting of the French Academy the 
Secretary opened a sealed note deposited by M. Lecocq de Boisbaudran, the 
first paragraph of which reads thus : — " Day before yesterday, on Friday, 
the 27th of August, 187o, between three and four o^clock in the afternoon, 
I obtained indications of the probable existence of a new simple body 
among the products of the chemical examination of a blende coming from 
the mine of Pierrefitte, valley of Argeles, Pyrenees." The evidence relied 
on to prove this discovery, a part of which evidence was given in the sealed 
note and another part in a note read at the same meeting, is : (1) the oxide 
(or perhaps a basic salt) is precipitated slowly by metallic zinc in a solution 
containing chlorides and sulphates ; (2) its salts are easily precipitated by 
barium carbonate in the cold \ and (3) it gives a spectrum showing two 
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Tiolet lines of wave len^^llis 417 ond 404 peepectiTelj. In nil iU oUi«r, 
-chennertl renctiona it closely re^niblcs Kinc ; ihoujtrb id the pj'edpiUtiou% i 
hnt^ nUvaya tlitj prulerent^e wljt?n tbes^ are incoruplele. 1'f» tbo roetnl thiip* | 
indicaUni, Lecocq de Boisbaudmn gave tbe nauit5 " Galliutu/* In u m ir« | 
recent paper bts gives rtddiiional tact« re^ardiDg the new tnetnl, wbicb ha 
h^A been ftble to fre© almoat entirely from MC 



METEOROLOGY. 

7*he ffrmi loum Mde&r, — An aoconnt of tJd* verj lar^e stone ii glren b^, 
tbe "Boston Joumftl of Cbemistjj^ in the following terms:—** Some tim^ 
nf?o a niiiteor of extraordinary splendour appeared in ih^ henveni, over thi 
Stale of Iowa, and after daKzHii^ tbe eyui* of all thoae wbo were m forta^ 
nat^ as to see it, burst asonder with a loud report, and in a few sei^oiidn! 
diaappeared. Fragments of tbis nieteoric mass wero ecAttered over a wid« 
extent of emmtry, and more iban TOOpuunda bavenp to tlie present date b<«»a 
picked Tip by %'ariftu» pi^rstms, and fold to geologifita, cbeuiists, and othei%| 
at \\\)^\\ prices. We aio under grt^at obligations to C. W* Iriidi, E»q*r. 
civil fOgitiepr, of Iowa City» for a splt^ndid specimen of the itone, wbicb b* 
kindly H«?nt to n* laat autumn. TLts ^peduien weigba about 11 uuiKrei', and 
accompnnying^ U was a Huidl fra^njent, wbieb was sent for i^hemieid 
#xanjination. Our time bus bceti so occupied that we bare not been ablia 
to bestow upon it analytical labour, but intend shortly to do so. We pre- 
Bunie, bi>weveji% tbat it doea not difier euentially horn tbe apednunn 
flERttiined by IVofesaor Iteoricbs, and we present in tabular form bli 
resultH : — 
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Tbe atone, in physicnl appearanoe, reA^^mblag in most respecta Khom 
ha^f^ fallt^n upon utlitT part* of our ydanetj but in chemical ci>!iipoiltioill!i| 
varivB ^a^wntialhv It i^ cov«*red wiih a black crust, formed during tbe cr^j 
mical part of it* uioticm througb lh*j (Mirtb-|> atmo^pbor*^. This ttruat, in UmI 
view of ProfpsHir Ilwnricbn, ij* not due to fusion, but alrnjily to tb^ beftt]ii||| 
of ihe outer layer of the »tt»ne to a re*! beat The intisriof i« of n ^'yiahf 
ODlnurj and re*«?tnbloft iron stone* of t«rrea trial origin ; when ©ipo««rd In %\ 
fed-beat the cobnr it changed to a black like the cruat** 
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A Chronicle of the recent Falls of Meteoi-itea is ^xtm in the "Academy," 
May 13. On Sept 14, 1875, ut 4 p.ic., a meteorite fell at Supino, in the 
district of Frosinone, Italy, of which Keller publishes a short notice in the 
'^ Opinione," Sept. 28, 1875. Its descent was accompanied with the hissing 
noise and explosion usually observed on such occasions. It is stated that 
the meteorite took an almost horizontal direction towards a house situated 
in Supino, which, owing to its having a parapet pierced with apertures, it 
passed without impact, and that it was then lost to sight Fragments, 
respectively weighing 364, 109, 29, and 18-5 grammes, were afterwards 
found. After the lapse of more than 40 years (if we except the curious 
explosion which took place over Writtle, near Ciielmsford, on Sept 7, 
1875, and that over Bradford, on Sept 16, 1875, when no meteorites were 
found) a meteorite appears to have fallen in England on the 20th of last 
month, at Crudgingtou, near Wellington, Salop, at 3.40 p.lc. It penetrated 
the earth to the depth of 18 inches, and is stated to weigh 7} lbs. It waa 
exhibited last week, at a meeting of the Birmingham Natural History 
Society, when a resolution was passed that the meteorite should become 
the property of the nation, and be submitted to the fullest scientific 
investigation. 



MICROSCOPY. 

The Early HUtory of Microscopy, — Dr. H. A. Hagen has a paper in the 
*' American Naturalist " (March, 1876) which, while dealing with a kindred 
subject, alludes to this. He says it is well known that magnifying-glasses 
have been found among the ^Vssyrian relics and the ruins of Pompeii, but 
the use of their magnifying power is nowhere recorded, though it is probable 
that some of the admirable gems of the ancients were cut with the help of 
lenses. Spectacles, perhaps in some way known in Rome, and even used 
by Nero, are said to have been invented at the end of the thirteenth century 
in Italy. Magnifying-glasses were manufactured by Arabians, and later by 
lioger Bacon, but certainly not used for the purposes of natural history 
before the beginning of the seventeenth century. Italy and Holland 
dispute the honour of the invention, which was perhaps simultaneous in the 
two countries. The great advantages of lenses for observation were directly 
acknowledged, and even augmented, by the invention of the compound 
microscope. Fontana in Rome and Drebbel in Holland are the rival 
inventors. 

Microscopical Papers for the Quarter. — The following is a list of the 
several papers relating to microscopy that have appeared in the '* Monthly 
Microscopical Journal " for April, May, and June : — 

On a New Arrangement for Illuminating and Centering with High 
Powers. By Rev. W. H. Dallinger, V.P.R.M.S.— The Identification 
of Liquid Carbonic Acid in Mineral Cavities. By Walter Noel Hartley, 
F.C.S. (King's College, London). — On some Structures in Obsidian, 
Perlite, and Leucite. By Frank Rutley, F.G.S. (H.M. Geological 
Survey). — On the Aperture of Object-glasses. By F. II. Wenham. — 
On Zeiss' ^^gth Immersion. By W. J. Hickie, M.A.— Notes on the 
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Markitigs of Ktivkulu rhomboid ea. By Dr. J* J. Woodward, U* S. 
Anjiy*^SoiD0 Kesulta of a Mieroscopk&l Study of the Belgian Plutnoio ^ 
Ho<;ka. By A> H<SiiBrd, S, J--— A Kew Microscopic Slide* By M* 
Ernest VaDden Broeek. — ^^Moastuemeut^ of ^Ii)llur*d Diatoniaoe^S' 
Probe-Pktten. By Edward W. Morlej, Iladaon, UHio, U.S. A,wOt» j 
the Markings of the Body>^cale of the EDglish Gnat find the AiDc*rieiin j 
Mosquito. By Dr. J. J, Woodward^ U, 8. Array* — Notae on Micio- 
phoiography. By Surgecfn-Major Edward J, Gayer, H.M. Indian ^ 
Array, nowr Professor of Surgeij, Medical College, Calcutta.— On J 
Reaulift Sorbyana. By J, F. Blake, F,G,S. — Remarka on Fniatulift | 
SaxonicR, Navicula rhomboides, and Navicuk crassinervis. By Cli«rl*s8 I 
Btodder, U. S, A, — On the Measurement of the Angular Aperture of 1 
Object-glassea. By Jabez Hogg, Surjjean to the Rojal Weistminit^ri 
IJphthalinia Hospital, F.R.M,S., &c. 



PHYSICS. 

The W(iV€>s as a Motu'v Power. — Mr. B, Tower, who some time ance 
described his method to an English audience^ does not appear to have gmn 
on in furtherance of hia diecoTery, Hie muchine consists in principle of a , 
weight supported on a sprmg, so that it c-an oscillate on the ^ring through fl 
a conijiderable range in a vertical line. The scale of the spring, and conse- " 
quently the natural period of oscillation of the weight, can be Taried at 
will. When it is so adjusted that it synchronises with the waTea, the 
oscillations become very Tiolent, and a large amount of power ean be 
obtained from them* lu practice^ the springs consist of liighly-oorapra»ed 
air pessing on the rims of hydro-pneumatic cylmders^ and the airang^fniflsil 
b euch that the Tcssel containing the compressed air forma tbe moTl^ 
weight* At the meeting referred to Mr. Tower exhibited a design of i 
machine for working an auxiliary propeller of a sailing ship of I, BOO ton*] 
displacemenL The moving weight La this case is ^00 tons, and be abowi 
by adcuktion that it would give about 30 horsepower in the long aweUj 
met with in the tropical calms, 260 horae-power in average ocean waves^ 
and more than GOO hor»e-powt*r in a heavy head pea* The space occupied 
by the machine compares favotirahly with a steam-engine of the aania 
powtJF. He also exhibited a model of the machine, which reoentlyj Iji a 
modei'ate sea, had yldded power at the rate of 1| bone- power p^ ton t£ 
moving weight 

JSa-pffimenis em the Ptri^^dir Watea of the Swiss LakcA. — At a 
metftiug of the Physical Society of London iMay 27), Profesflor Ft»rel| cf 
Mofg(»a, Switzerland, gave, in French, an account of some interesting exp»- 
f imantfi which he has recently made on the periodic waives which take place 
on the Swiss lakea, and arte there called <' Seiches."' It was lotj^*^ fthtea 
obstrved that tho wah^rs of moat of thej<e lakes are subject to a mor« nr leM 
regular rise and ffilV, which at tim«^s Lave been fouml to ho, m much m outj 
or two un>lr<_i«, M. Fore! has ^tudieJ this phenomounn in nine dtlfeniii 
UJbtBf and finds that it variee with the length and depth of the lake, aai 
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that the waves are in every way analogous to those already studied by 
Profenor Guthrie in artificial troughs, and follow the laws which he has 
deduced from his experiments. Most of the experiments in Switzerland 
were made on the Lake of Geneva, but that of Neuchatel was found to be 
best fitted for the study of the subject, possessing, as it does, an extremely 
regular geometric form. The apparatus he employed was very sensitive to 
the motion of the water, being capable of registering the waves caused by a 
steam-boat half an hour after it had passed, and five minutes before its 
arrival ; and was so constructed as to eliminate the effect of common waves, 
and to register the motion, side by side, with a record of the state of the 
barometer^ on paper kept in continuous motion. While he found the dura^ 
tion ot waves to be ten minutes at Morges it was seventy minutes at Geneva, 
and this is explained by the narrowness of the neck of the lake at the latter 
place. This period he proved to be independent of the amplitude, and to be 
least in the shortest lakes. For shallow lakes the period is lengthened ; and 
his observations show that the period is a function of the length and depth, 
and that longitudinal and transverse waves may co-exist, just as Professor 
Guthrie has shown to be the case in troughs. 

Imitation Snow Crystals, — M. Dogiel, of St. Petersburg, selects a sub- 
stance which crystallizes like snow, in a great variety of forms of the 
hexagonal system. And this substance is iodoform. To show the multi- 
plicity of forms, M. Dogiel dissolves iodoform in boiling ((K) per cent.) 
alcohol, and lets the solution cool in water of different temperatures. He 
gets mostly tabular crystals, when a solution containing 15 to ^0 per cent, 
of iodoform is kept ten minutes in water of about 14^ to 15^ C. ; whereas 
star-shaped and often very complicated crystals are had at temperatures of 
26° to 37°. Some other modifications of the result are described by M, 
Dogiel, in a paper recently published, and he also gives drawings of the 
crystals he obtained. 

A Remarkable Atmospheric Phenomenon at Ceylon. — ^The Bev. R. Abbay 
sent a communication on this subject to the Physical Society, May 27. In 
speaking of several of these phenomena he says that the most striking is 
witnessed from the summit of Adam's I'eak, which is a mountain rising 
extremely abruptly from the low coimtry to an elevation of 7,200 feet above 
the sea. The phenomenon referred to is seen at sunrise, and consists ap" 
parently of an elongated shadow of the mountain, projecting westward to a 
distance of about 70 miles. As the sun rises higher it rapidly approaches 
the mountain, and appears at the same time to rise above the observer in the 
form of a gigantic pyramid of shadow. Distant objects may be seen through 
it, so that it is not really a shadow on the land, but a veil of darkness be- 
tween the peak and the low country. It continues to rapidly approach and 
rise until it seems to fall back upon the observer, like a ladder which has 
been reared beyond the vertical, and the next instant it is gone. Mr. Abbay 
suggests the following explanation of the phenomenon : — The average tem- 
perature at night in the low country during the dry season is between 70^ 
and 80° F., and that at the summit of the peak is 30° or 40° F. ; consequently, 
the low strata of air arc much the less dense, and an almost horizontal ray 
of light passing over the summit must be refracted upwards and suffer total 
internal reflection, as in an ordinary mirage. On this supposition the veil 




39^^^^^ rOlTLAE 6a£^CB BBTIEW- 

mn&t beec^m^ more aod moK rertical i^ the imjs CtU l«^ b^irsst^rT'-nllv, 
thi^ will contiuue until ibev reach the eritieal saglep when total tntcrukl 
fR^eeiiOD ceases, sod li suddenlj dis&ppeat^ lie appu«iil tiUhig im^r 4}d < 
the ap^ctfltor b iwobftbly an UluBioti, produced bythe mpid appr->ack mid thn ' 
fiidng of the d«rk veil without any graduiil dlsapp^irtmce irbbh enri bi 
wntched ftnd estimated. It will be evident that the illuminAtkiii of the b* 
nmiieTHble particles Sontin^ in the atiuosphere CAtiaeA the neml abaddw to | 
he vbible by eoBtmsL Aaotber mUnatttiiig phenomt^on Tiidble id ibi 
mountjiin diistrictd admits ot an equjill^ Mmpla explanation. At timed httNui 
benmi--, nppafentij of blulib %b£, nsijbe smn extending from thi* senitk | 
downwards, <^iivergu]tg u ^ej ftpproaeb the boniOQ. The 9pm*^s hetwften \ 
them hare the ordln^nr iUumlnntion of the tq&I of the akv. If wci »uppo8«, 
9s ifl frequently the casev that Ibe lower straUi of mt ttre coidrr titan tha 
uppef, the reflection spoken of m the case of Adam*8 Peak will be dowi>-| 
warda iuatead of upwards. If aereral iaolated maMea of clouds pttrtsallf 
obictiTe ike eitD, we maj have several coireflponding iiiTOrt«d veils of difk« 
tie»^, tike blue ray$ in tho tkjf all apparentlj conveifing toWMtia llw ttiiii 
point below the horizon. This latter phenomena U callid % iba llilhit 
** Buddba*9 ray*." 

A Simple Form of Jlelimiat, — The helioatat is snch an useful inslraiDiatt, 
not merely for the phyaieiet, but for the photofcrapher, that any mode af J 
improving it is of interest At the meeting of the PhysiciU Society aoj 
Aprti 20, the Secretary read a communication iroro Sb Jolm Conroy, Dgutf I 
** Oil a Simple Form of Hdiostat*' The defect of Fahrenheit*s heliostat, k j 
which the beam of sunlight b reflected by a mirtrjr moved by clockwork in I 
a diiBctJon parallel to the voxa of the earth, and then id the requiit'd dtw»o- 
tion by a fixed mirror, oonsists jn the great los* of lij^bt The author mib- 
Atitutes two silvered mirror? for tht> looking-glasses naually eDiploy^ \ 
be has i^hown that the loss of light with ihis arrangem^t la leea iliaii wlnci 
the light b once reflected from a looking-g-lasfl. 

Elmdrit^ CommHmmti*m§ withmt Wires. — It would eeem from reoeot «- 
periments that it is perfecllj poaaible to convey a measagv for a cerUin diM 
lance dong the earth without any conducting wire whatever. But M. ThJ 
I>u l^loncel has ex^plained to the French Academy (May 8) that the id«a nq 
communication without wire^ is far frotn novel, hating been experi men tall jl 
teated thirty years ngo, both iu England andAmerica* Thus. mesM^^ i 
wt^re sent from Go^port tu Portamoutb (and, we beHovef Acroat to tho I*l#| 
of Wight "k, a distance of about 3 kilometres. I 

Ice-titaktiiff Machmt^ — Profess-or Ilcfffmaiin has the following account uil 
the "Chemical News," May 12, of a novel form of ice*amchitie. Iltf ttyal 
that since the bf grinning of 1jS73 Nebrlich & Co., of Fmnkfort-oj)-tijt**MaiD, ] 
make the Windhausen machine with two cylinders of otio sixe only, witkj 
iapedal regard to the demand iti breweries. It requiri^ a 40-horM^ povrm 
engine^ and ia guaranteed to yield bourly 2|500 cubic metree of air at Ufli<4 
p«Tature« of from —30* to —50^. If we aanume that thase lomponuiiiMl 
refer to initial t*^mperatures of from 10° to 3(f, the total re<^ ' C^HI 

p4^rature amounts to 60^^ whence the amount of the n<»gati Vf» 1 41 

His cjj.lculated as 60,000, corresponding at most to 400 l*i 

tiduction of ice were the object in view, the name qu ^ : ,: 



SCIENTIFIC SUMVABT. 33& 

be made to circulate. A steam-en^ne of 40- horse power consumes hourly 
80 kilos, of coal ; consequently 1 kilo, of coal would give 6 kilos, of ice— a 
Terj favourable result. Such a machine, including the engine^ cost in 1878 
66;000 marks (3,300/.) The sum certainly seems immense. 



ZOOLOGY AND COMPARATIVE ANATOMY. 

TJte '* Challenger " Kvpedition, — Since our last issue this expedition has 
come to a conclusion. Much of the work, however, remains to be published, 
and will occupy the different members of the staff for the next six ur nine 
months. All that has been published concerning her trip around the world 
will be found in the long and important paper which was published in an 
earlier number by W. F. Galton, F.R.C.S. 

Snakes that Eat Snakes. — One of these creatures, which is now at the* 
gardens of the Zoological Society, has, during its stay in this climate, 
devoured an enormous number of the conmion English snake. Wo learn 
from an American contemporary that some years ago Professor Cope 
described the snake-eating habits of the Oxyn-hopiu phimbeus (Wied), a 
rather large species of snake which is abundant in the intertropical parts 
of America. A specimen of it from Martinique was observed to have 
swallowed the greater part of a iM^efer-de^lance. the largest venomous'snake 
in the West Indies. The Oxyrrhopus had seized the feT'dc-lance by the 
snout, thus preventing it from iniiictiDg fatal woundf^, and had swallowed a 
greater part of its length, when caught and preserved by the collector. 
More recently a specimen was brought by ^Ir. Gabb from Costa Eica, 
almost five feet in length, which had swallowed nearly three feet of a large 
harmless snake (Herpetrodn/as carinatus) about six feet in length. The 
head was partially digested, while three feet projected from the mouth of 
the Oxyrrhoptts in a sound condition. The Oxyrrhopw is entirely harmless, 
although spirited and pugnacious in its manners. Professor Cope suggests 
that its introduction into regions infested with venomous snakes, like the 
island of Martinique, would be followed by beneficial results. The East 
Indian snake-eater, Ngja elaps, is unavailable for this purpose, as it is itself 
one of the most dangerous of venomous snakes. 

Singular Cttstom adojried by a Tree-Froy. — Professor Peters has lately 
described the mode of deposit of its eggs employed by a species of tree-frog 
(Polypedates) from tropical Western A frica. This species deposits its eggSj as 
is usual among batrachians, in a mass of albuminous jelly ; but instead of 
placing this in the water, it attaches it to the leaves of trees which border 
the shore and overhang a water-hole or pond. Here the albumen speedily 
dries, forming a homy or glazed coating of the leaf, inclosing the unimpreg- 
nated eggs in a strong envelope. Upon the advent of the rainy season, the 
albumen is softened, and with the eggs is washed into the pool below, now 
filled with water. Here the male frog finds the masses, and occupies him- 
self with their impregnation. 

Crustacea of the North Pacific Expioriny Expedition, — It was supposed that 
the papers of Dr. Stimpson describing these Crustacea had been destroyed. 
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However* ihe *^Amencwn Xatumliut*' telle siK tliat a careful examinattd 
the papers left at tlit* Rmilliatmiarj Infilitutbn by tbft hU Dr. Stimp-*tm h« 
Tt?vealed the ex^iateoce i>f the coaiplete MSS. of hia final report *m ih 
Crustaci^a of the North PaciSc Exploring; Expedition ai far aa the »?ia4 
\h(i Anomoura, with bertiitiful figures of one haodred tmd tbirtr-seveii of 
tijt? new tpeeiee. It w&g supposed thnt the^e bud perished with I>t. Stititp.^ 
fon'a other MSS,, and witli the ccillection* they deeerihed. In the grei 
ChicftETO fire. It hopes th^y will pooebe published. 

A Nmii Ttrntin /rum Mrtt AmeHeatifi. — At a recent meeting' of tlir Pbili 
dttlpbia Acndemj tif Science^! Dr. Chnprnftti culled Uie at! potion of th 
uienibera to a. new epeciea of tienia which ho bad found in the alsmcnta 
cannl of the J^h^n Americana, According to Dieting there exifttj* in ihi 
Struthio a tainia* but m no description h )pY^n be could not say whetber th 
sp<3cieB are the samf*. It is Tery probahle, howt'vert that they nr*? m, 
future inrestigtttion should show* this to be correct, it will offer anolb 
illustration of closely related forme having the same entozoa. The 
fern the lUtea varies from nine to ten inches in length, Ita bend tnea^ti 
3^ of an inch in breadth and ^s ^f ^^ J^d^ iii length (to beginning of bnil ? 
luent). The head w provided with four suckers, Tht? cervical aegtnentA ml 
TOuuded oil' at the articulntions, but the mature ones are serrated. The gtnh J 
tal nperturo h lateral, aud alternates from aide to side, Sometimea lh« 
will be as many as five successive segments on oric ^ide exhibitliig tbw 
aperture^i and then five will be seen on the oppo«te feide of Ibe nea^t iti 
s^uccesaive segments. The penis could be protruded by compressionf and tli« 
vagina readily seeii* From the fact of the head being rather thickly 
upon this fipecies, the name TePftia taurieolits waa proposed for it, 

TTie Mtimtnah ofthgAsmfHmi ^"nipUiret, — ^The Rev, W* Houghton^wbaii 
a Avell-known contributor to this journal, recently read a paper on th<» nlmvil 
subject before Uie Society of Bihlieitl Arehfeology (May 2, 1870), Bt^ginmcji 
'with ihe order Qundrumana^ Mr, Houghton said two epeciea were rt^i 
sen ted. He referred to the absurdly human appearance of the monkeys < 
the aeulptures : the face is that of a man with a fringe of whiakers round 1^ 
neittly trimmed , but one figure more true to nature indicatea the ipeciei ^ 
monkey— vi I,, Presht/ter nttefitt*j the Hoonuman of India, or some cloi*!? 
allied speciea. There wail also another ipecies, the MacacHg SOmta. The iVi^l 
nan word for monkey was a'tht*mti^ the stime as the Hebrew word AdAtnfl 
** n man j " compare oiir **^ anthropoid ape/' Of the order Fcra^ theiv 
mentioned the lion^the hyena (in Accadian Zi^^Art^^rrt, *' striped dog**); tbfl 
bear, Urmts mfrmtttSj especially aa being of various cnloui«| and the leopani.^ 
Other wild animals were the Lare^ Le/ntji *maijfi'rtM {hi-zm-naf ** face of ihAJ 
'dMert ") I the wild bull, which waa clearly a Bos and not a BuMitf, mm 
-pmhMfB^primif/enms nf the tertiary perirjd; the witd goat( Capra $tniniic^\ 
the Aaifltic Bteinboc or ibesc; the wild shi^ep (CaproHii oriefd^tJt)^ the wik 
dver (Cervm mf*op{ttntmat»)t and other species, C^t*ttH ekpAm and f>i 
Ataraif or Persian deer; thegajselle (6'. Ihrrm) : the wild am (Equtm A^wij 
jww) J the elephant (Eiephas m«firMi) ; the rhinoceros, or, aa ills eaJled ou th 
black obelisk of Shalmanesej, ** the qk from the river Saceya^'' and tbe wiIj 
boar (6'«* Mrofa). 
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HAVING occupied the editorial chair for thirteen years, 
during which we sought to raise the standard of the 
journal, and to avoid as much as possible the merely popular 
element, we now bid our readers faxewell. 

It is the intention of the publisher to make the journal a 
more popular one than it has been. Indeed he endeavours to 
reverse the position we have attempted to give the periodical, 
and possibly with better financial results. 

This, then, being his view of the matter, it becomes us only 
to txike our leave, and to wish the journal every success under 
its new management. 

And in bidding adieu to past contributors, who have in- 
variably extended every effort of their pens toward the suc- 
cessful cultivation of their several subjects, we trust that tliey 
will overlook anything that may have seemed on oiu: part 
like inconsiderateness. 

If they will only remember tliat an editorial chair is not a 
seat which is remarkable for its ease and comfort, they will 
readily make allowance for its past occupant. 

We have, we think, been fair to all sides, whilst we have given 
tlie most prominent position to the views of Darwin, Huxley, 
Lyell, Wallace, Hooker, &c. — to the men to whom modem 
science is most indebted for all its progress. If we have been 
unjust in oiu: wielding of tlie editorial pen, we know it not ; and 
of all who may consider that we have been, we humbly ask their 
pardon. And now we say Good-bye, Vale, Farewell. 
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PRACTICAL NOTES ON '^ HETEROGENESISr 

A BEPUTED FBATtTRE OF srONTAJIEOrS OEKEEATIOK. 

Br 1BE -Ret. W. H, B.U.LIXGER, V.P.ILM.S. 
[PLATES CXXXIX. AHD CXL.] 



THE doctrine of " gpontaneoua generation ^ h declared by ; 
principal advocate • to involve not merely the origio of living 
forms from not-living elements, but abo the origination frgm 
living beings, more or less complex in organisation, of otber 
living units wlioUy different from themselves, and having no 
tendency to assume or revert to the parental type. This rneaiif 
briefly that one organised form may, by the operation of some 
occult laws, produce another organised form wholly unlike itsiel^ 
and which may he not only of a different genus, but of a 
ferent order of a different class — nay, proljahly altogether of i1 
different kingdom. This is an assertion of caprice in biologic ' 
laws. Their action is uncertain. True, these remarkable pb 
nomena are not at present asserted of the more easily accessib 
and highly developed organises ; hut it may be instructive tfl 
note that if they were so applicable it would admit, for example 
of a humming-bird being hatched from a anake*3 €^g, or 
gorilla being bom from a kangaroo ; for neither of these instauc 
h more startling than the alleged tran&tbrraation of Eti^leni 
and Chlorococcns directly into — rotifers I Yet not only 
but many other things equally as remarkahle, are Hanerail 
and asserted by Dr* Bastian ; and the credence of biaIo«n 
asked for these affirmations, with as little apology or hesiUition 
as for the fact that a tadpole is tlie precursor of a frog, or 
chrymliii of a butterfly* 

This of course gives much greater complexity to the hyp 
thesis of spontaneous generation ; but at the sama time it giv« 
it character. It is at least unique. 

• ** The BegiumDp of Ufe/* Dr. IL C, Bastiim. Vol I p. 241. 
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Tbe former part of the hypotbesLs— that living forms origi- 
nate in not-livinj^ elements— arise, de novOy from dead matter — 
\m& received, and is still receiving, the most careful and persii*- 
tent consideration of biologists ; and the present balance of facts 
may safely be accepted from tlie pen of Profe^saor Huxley, who, 
in a most comprehensive and elal)orate article on " Biology, " in 
the edition of " Encyclopaetlia Britannica/' now pasiiing through 
the press, affirms that '* The biological sciences are iharply 
marked off from the abiological, or those which treat of the 
phenomena manifested by not-living matter, in so far as tlje 
properties of living matter distinguish it absolutely fronx all 
other kinds of things, and as the present state of knowledge 
furnishes us with no link between the living and the not- 
living." • 

But the latter part of the hypotliesia with which we erenow 
dealing— ^tbat of the production of one kind of organism by aHp 
other of an altogether different nature — although it has had some 
irresistible refutations, has not been serionsly considered by the ma- 
jority of leading biologists- The rccT^^on is plain. It is absolutely 
unsustaioed by facts. It is based on careless and incompetent 
observation, or exaggerated inference. It is out of liarmony with 
all the most valuable observntiun« of the most careful olvservers, 
and contradicts all we have otherwise learned of nature's rnethodi- 
Its refutation, so far as it need be accomplished, may tie safely re- 
legated to specialists to be dealt with in detail, and this in more 
than one instance has been already done witli remarkable effect. 
The philosophical biologist can afford to discard it ; it doen not 
require his serious consideration ; his experience has taught him 
its fallacy ; whilst its influence upon the student can neither be 
great nor lasting- To every mind, indeed, it should be apparent 
that, before such remarkable affirmations are presented as 
scientific fiicts^ every pains should have been taken to make 
them such- Tliese extraordinary " transformations,'* which are 
not only alleged, but plentifrUly figured, ouglit surely to have 
been so scrutinised^ repeated, controlled, and purged of all fal- 
lacy, as to make the recorded phenomena at least as certain as 
the manner of recording them would lead the reader to infer it 
was, and as the seriousness of the issue demanded. But that 
thu lias not been the case is painfully apparent. In the in-* 
stances of reputed " transformation " which are the result of Br. 
Bastian^s personal investigation, there is a looseness of method, 
and a disregard of detail, minntioe, and above aU, continuity of 
rei*earc!i, which stands in singular contrast to the precision and 
persistence of modern science^ even in the simplest raf 
^ut the surprise which this awakens is enhanced by the f 
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he gives without question, nay, with implicit sanction, a sei 
of *' lieterogenetic *' phenomena from *' the much nec^leeted- 
memoir of Dr. Gros" and others. Tlie fonner has been for 
twenty years befijte the scientific world, during which time un- 
paralleled vigour hm been displayed by biologists in every de- 
partment of research, and especmlly in the development ofj 
minute life-forms; whicli have been studied with constanti 
improving apparatus. But during tlie whole of this time not 
single instance of accepted corroboration of these strange tran*-^ 
formations can he pointed out. But thousands of observatioi 
have been made and recorded that are directly adverse to th< 
whole. Surely this alone should have suggested caution, and 
tlie careful and competent repetition of both Gros* and his own 
observations. But it was not so. 

All who have any pmctical knowledge of the nature of gucl 
enquiries will admit that an indispensable condition — si»ii^e qut 
non — to accurate results, is continuity of observation | and tha 
moreover, upon tlie same organisms, and with the very best ap- 
pliances ; all of which should Ijc guarded by the elimination of 
every conceivable source of. fallacy, 

Discontiniiouj? or interrupted observation is, in such iii(|uim% 
worse than useless. It is at once a prolific and a fascinatii 
soiu-ce of error. The same must be said of not working out tba 
history of the amne indiv-kluaL In all such researches eeoresJ 
nay, hundreds of hours are wasted — or rather apparently lost— 
in following the organisra to a certain jjoint, and tlien it dies ; 
or some accident happens, or some distraction to the observer 
arises ; and the temptation is to take up the observation ag^ 
upon another form m apparmttl'y tfie same dmelopufm 
conditian as the fommr ous wets in wften tks irUerrupti 
happened^ No somce of error can he more serious in practii 
when tlie objects of research are so minute and imkno\ni. Hun- 
dreds of instances of this might be given. Indeed there can be 
no accuracy unless the observation begins again ab viiitia^ an< 
is carried persistently to the end. 

Let any one take a moderately decomposed infusion of Ssl 
or brain, and put a small clear drop of it from the point of 
fine *' dipper into half a wine-glass of Cohn's nutritive fluids 
leave it for a few hours. Let a drop of this be put on in tbi 
usual way upon the continuous moist stage described in t 
'* Besearche? into the Life-History of the Monads," and 
a yL in, objective be used. Tlie probability is that for 
dayH nothing will he visible to the most careM scrutiny 
bacteria — at least it can be so arranged. But now, the ol 
who spends two or three hours discontinnonsly at the iimtr 
will probably observe that what look lUce some of the bact 
are getting larger ; and if tlien a night should intervene, he wiU^ 
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on returning to his inst.nimoTit in the mornin^^ be startled by 
diseovering tliat an anchored epringing monad i« dotted over the 
"field," with perhaps another form gwimmiiig freely about. 
Now in this case the inference would be more legitimate than 
in the majority of Dr. Bastian'a tliat the Itacteria liad been 
*^ transformed " into monads, Tliere were tlie kicteria, alone — 
some vf them were seen to enlarge^ — and here in the eouiBe of a 
few hours are vifi;orous and distinctive monads 1 Post koc^ 
propter hoc. But let this group of monads be now casually 
examiued in the same way : in the course of some hours many 
of these will liecome very still and sac-like ; tire crowding of 
the field will increase ; the diffieujty of discrimination to intyer- 
nipted obsenation will become greater ; and at the end of 
twelve hours more, some splendid specimens of Kflrona jmstu-- 
lata will be asserting their mastery of the field. Now there is 
no instance presented by Dr. Hai^tian, as a case of " transibrma* 
tion," that has a more exact basis to stand upon than is pre- 
sented here for inferring that the bacteria were transformed 
into monads, and that these monads preferred to perpetuate 
esisteuce as Kerona, But what are the facts ? The apparently 
fattening or enlarging bacteria were simply developing monad 
germs, and if coniktuougly watched all the steps from tVie germ to 
the adult form would liave been seen ; and tlie same continuity of 
observation would have shown that the Kerona had a genetic 
origin as independent of the monads as the monads had of the 
teria* Indeed, low in tlie scale of organisation as the monads 
e, I do not hesitate to affirm that in their development they 
ve no sanction or shadow of support to tlie hypothesis of 
'* heterogenewis,*' " On the contrary, the lifeH3ycle of a monad is 
as rigidly circimaseribed within defined limits us that of a mol- 
lusc or a bird. There is no indication of any unusual or more 
intense method of fipecific mutation than those residting from 
the secular processes involved in the Darwinian law, which is 
held to furnisli the only legitimate tlieory of the origin of 
species/* * 

But to tlie young and ardent observer the example set by 
Dr, Bastian might prove the utmost e\-iL It is possible to infer 
Almost anything from discontinuous observation. The simplest 
<rases illustrate this. Only recently a friend, an ardent miero- 
^opist, announced to me his discovery of a perfect demonstration 
of ** Ijeterogenesis." We had some days before made an acci- 
dental gathering of the finest specimens of Volvox globator which 
I had ever seen. These were placed in a small clean trough, 
w^th clear water. With 100 diameters nothing of moment was 
visible Ijut the volvoxes. The trough containing them was put 

* " I^\irthur Ilesenrclies iuto the Life-Hiatorj of the Monadi*" BalHnger 
And Drjfldale, *M. M. J,' vol 3£iii. p. 18&. 
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into a moist cliamber, to preveut evaporation, ami It* ft for fimr 
days. Quite by accident it was ejtaijiioed again, when to the 
ffurpritie and extacy of my friend tliere was nothing living in 
the trough but rotifers. The volvoxea were all dead, and lay it 
the bottom of the trougli, and the rotifers were voraciously eatinf; 
them. More tlian that, in two of the dead volvoxes the form of 
a similar rotifer could be distinctly Been imbedded. My atten- ^ 
tion was called to tlie fact a^ a '^^ transformation." I at once 
saw that this waa a cELse^ constantly re-appearing, of the rotifia- 
paiBsitic within the volvox ; and as I had never seen this, or the 
rotifer itself, before, I made a drawing of the whole field af deid 
volvoxea with rotifers devouring them, as seen witli 1 2 diam^eni, 
and f^ivcn at fij^. 1, PI, CXXXIX*^ and also made a carefiU draw- 
ing of the rotifer alone under 80 diameten?, which is given ia 
lig, 2, I remembered that Ehrenberg had observed at ImA 
two i^uch rotifers, and on referring, found that ray drawing cauie 
neare^st to Ids Nolovivutta paramUca, There are minuta differ- 
ences between the form I saw and Ehrenberg's, and there 
ifl a discrepancy in size ; but there can be little doubt that 
it i« cither this form or a variety. I was now induc4?d to 
make another gathering ; and within the cells of four out 
of some thousands of volvoxes I saw the rotifer moving 
with sudden fierce jerks, devoiu'ing the young and eventually 
bursting tlie parent cell and escaping. A drawing of the volvoi 
with its parasitic rotifer is seen in fig. 3, where the former is 
slightly out of focus that the latter might be clearly perceived* 

Of course no practical naturalist would have been for a 
moment mistaken liere. But a want of knowledge of all the 
facts, and a bias to a certain theory, couhl easily conclude that 
this was a case of volvoxes^ being *' transmutetl " into rotifers. 
And the same kind of inference m a possible danger to any ob- 
Ber%'cr with a bias, when the objects are comparatively inacc^s* 
sible, or their life- histories imknown. But in the instances giveHi 
would it not he equally just to infer that the Trichina sjdmtis 
in a man or a pig was " transninted'' muscle ? or that Toenia 
solium was — say the " transmuted" villi of the digestive tract? 

But a case yet more instructive presents ItselfL In the June 
^f 1874, a friend at that time r<^iding at Sandhurst, in Berk- 
■hire, sent me a large bottle of water from a pond there^ cmr 
gaining a remarkable monad, with two trailing flagella and a 
swiftly lashing anterior one,. The form was quite new t-o me, 
and is seen in fig. 4. I did all in inj power to keep it alive, 
that I might if possible work out its history when some work 
then claiming all my time should he fini^jbed. The water cod- 
taining the monads was placed in circumstances that would aa 
far as possible prevent evaporation and admit air. But they 
rapidly diminished in number until the middle of August, anil 
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then remained stationary imtil tlie e^rly part of Septeml>er was 
past, and then there appeareci suddenly, a minute, and to me 
entirely unknown rotifer. It was one of remarkable form and 
deportment, which I at onee sketched, and have reproduced at 
fig, 5* I now examined with great care, and found the monad 
but feebly present ? indeed only a very few were in the normal 
condition and shape, whilst a considerable number were slowly 
moving in the shape drawn at fig. 6. Now this was grotesque 
in the highest degree; for the newly imported rotifer had 
decidedly a portrait of its own when seen in profile, as fig. 7 
will testify J and the modified monad approximated to this 
in a simply ludicrous manner. The absurd caricature s^een in 
fig. 6 was enhanced by amceboid elongations and sharpen- 
ings of tlie lower part of the body, and by the protruaion of 
pseudopodal spines at a, 6, and c ; which still further pointed 
to the hypothesis that this simple creatiu-e, by virtue of the 
*naws" of " heterogeneais," was aiming at a higher sphere- 
Certainly, to a mind ttiat could see its way to *' heterogcnesk^'" 
this was a suggestive instance, and might have been fairly 
employed (on the pattern already presented) to swell the 
inBtances of the " transmutation of monads into rotifers," 

But a further acquaintance with tlie monad wholly dispels this 
dreiim : it was merely passing honestly through a phase in its 
life-history, after the fashion of its ancestors. And as to the 
rotifer, my attention was afterwards called to the fact that Mr. 
Gosse had seen and figiu-ed it ; and in his account of it, I find a 
most instructive passage.* He names it Biuocharis Coltinsii^ 
and tells us that a bottle of the water in which this rotifer was 
found was taken away by a friend ; but although it was well 
aearched the rotifer was not found, nor indeed was '^ anything 
of interest" discovered. It was nevertheless retained; and 
after having been kept for more than four months it was sud- 
denly and in an unexpected manner seen to be " swarming with 
these interesting creatiures" — an event extremely similar to the 
one r record ; only, in this latter case, there were no monads 
beforehand to sufier " transmutation," 

Now whoever has carefidly read the reputed facts for '* hetero- 
genesis " will be fain to admit that there are very few of them 
that offer more reasonable ground for the inference made than 
exists in this instance, DiscontLnuous observation, aided by 
imagination, sees the monad, then the form of a monad mid- way 
between itself and the r'^tifer, and finally the hitter i and, after 
itM fashion, the case would be established. That this is no ex- 
aggeration of the kind of reasoning employed, we may fairly 
test by the facts presented. 
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Most microseopistg have at dome time made acquaintatice wil 
the wat^r-bears of our ponda, and a good many have ft*Uowed 
their development* Wioever has done the latter has fully 
convinced himself of the truth of the statementi of KoUikef, 
Frey^ Doyere, Kaufraann and others, that the tardigrade^ m 
every instance produce large fecundated egg», from w 
young, closely reseinhliug the parent.*, emerge. Anotl 
featiue of the tardigrades is the extreme hardnesg and toug] 
of tlieir " skin.'' It U in point of fact, speaking relatively H 
the Arthoropoda, almost a " shell/' This skin it is also well 
known is " cast " by the creature, and it forms, in the case rf 
the female, a slielter or protection for lier eggs. 

Now Dn Bastian tells ub that the power of reproduction 
these forms is not limited to the ** rudimentary generati 
organ,"' l^ecause " Dr, Gros tells us that the dead tardij 
may ultimately be resolved into specimens of ActinopI 
Peranemata, or ArcelliuER^* and that these products luay 
diflferent times be either all of one kind, or intermlied with eacl 
other and witli young tardi^ades I On the strength of 
discovery we are pre^iented with a drawing which I reproduce 
fig* 8. The aubflcription whicli accompanies this is vej^ 
g@stive. It runs thus, viz, : " Seven large germs into which 
toted internal auhstauce of the parent k<^ become f^esoh 
each of them being capahU of tlevF^hpliiq into a tardiffradeJ 

Now, wherever there are plenty of tardigrades there will 
be found dead formB, with their internal structure unehanj 
and others which are mere empty shells or skins. Some 
these latter are, doubtless, " cast skins ; '* hut the dead wai 
bears, in a trough not very plentifully supplied with food^ 
soon be attacked by paramecia ; and although the ap^uiti 
they make may not be clearly seeHj tliey somehow get into the 
body of tlie animaU% and gradually devour all that is in it ; and 
a^er cleaulng it as thoroughly as ants will a small skclt^ian, 
leave it a hollow but perfect form. It is now open t*) the 
chapter of accidents, and it can be no matter for surpri^ tliat 
the minute eggs of aquatic creatures enter it and hatch there* 

This may be easily illustrated. JMn G* K. Chant re U, the Stnu^ 
tary of tlie Microscopical Society of Liverpool^ is a very cart^fi 
and constant observer of pood-life. He has cudeavourtid 
verify or substantiate some of the more marked ca^s 
by Dr. Bastian. But his method of eiamination ia, of 
gity, an interrupted oue. He has frequently called my nUtO^ 
lion to curious cases of apparent " tranimutation ; *■ and I lim 
before me i]ow some of his drawings of them, taken 
nature. In iig. S) I reproduce one, which it will be Hct^ti 
extremely like the one figured by Bastian (fig. 8), whicht 
mn^ be remembered, he atiSrms, on the assurmnoe of Gru«, 
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fSll of gemiB by the resolutlan of its internal ^iibstanc^ ; and 
that eacli of the germs was ''capable of develapiog ioto a 
tardigrade." But, fortunately, Mr, Chantrell did not leave the 
germs to their capabilities ; be suspiciously followed them out, 
and they liecame Stentor Caemleua 1 As drawn after hatcliing, 
they are presented in the attached or fi^ed state at 9a, and in 
the free swimming condition at 9h, Clearly tfje eggs of the 
stentor had got into tlie dead hollow body of the tardigrade, 
aud developed there 1 

That this inference ia a correct one I have repeatedly veri- 
fiedj and at fig. 10 give an additional instance in proof. This 
is the hollow, perfectly transparent skin of a tardigrade. No- 
thing lias been left within but the hard retractile tube and 
" gizzard," and these, as seen at a, have fallen from their true 
position. At b a small oval body was seen, perfectly, and 
watched ; and eventually the small rotifer (!— probably Monurti 
dtihis— emerged from it, and at length escaped from the ekin 
of the tardigrade altogether. 

Surely it is unsatisfactory science to consider a phenomenon 
like this " heterogenesis," and to label it '* homogenetic pan- 
genesis in tardigrades I " 

The " transmutations " of the living protoplasm of vegetables, 
given in evidence of the hypotliesis, are all subject to the same 
delect. That is everywhere asBunied^ which at least might 
have presented another explanation, had all the possibilities of 
error been eliminated, and continuous observations been made. 
I select, to illustrate this, fig. 11, PL CXL,,fromMr. Chantreira 
drawings. This object I saw in the living state. It is described 
as a '* curious fungoid growth, found in a trough with Anacbaris, 
some weeks old." Now it appeared to me, in the living state, 
to be quite impossible, apart from im broken observation, to 
determine whether the amoebi© or amoeboid masses, a a, 
attached to the arms of the fungus^ were anything more than 
preying upon it and devouring it as fotxi. But the presump- 
tion was that tlie protoplasm of the fungus was being *' trans- 
formed'* into amoebae, JSut can sucli an inference be main- 
tained ? We know how easily the minut-e spore of the smaller 
creatures, as, for example, tlie monads, may penetrate into the 
very substance of growing vegetable forms, and become inhabit* 
ante of the cells. Look, for instance, at the fact of ditomaceaa 
being absorbed from infusorial soil into tlie roote of plants, and 
being built up unaltered into tlieir stem substance.* And that 
spore may germinate in the cells of plants is fully attested. 
Besides, what can be more uncertain than the organism to 
griiich an araceboid condition of protoplasm belongs? It 
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might, indeed, be merely a phase in the life development 
the " curious fimgoid growth '* ittselfl All these poisdbiljti 
and a hundred others^ in every instance should he most cruc 
considered before the semhknee of a case for " heterog€Besit' 
could even be presented in a strictly scientific form. 

But Dn Bastian lias negleeted such precautions, and 
adopted the obsenrations of others, wliich are even more i 
Yalid- How serious the resulting errors are, iu only 01 
direction^ has been plainly shown by Professor H. L. Sinithi^ 
of Americaj whose competence to write critically on the mi 
ject of diatomaceae will not be disputed. He has given 
absolutely destructive detailed criticism of every importai 
instance of the reputed transmutation of sometbing else ini 
diatoms which Dr. Bastian has presented, and brings 01 
clearly the mistake of attempting to infer the " beterogenetic 
origin of vital forms of whose ascertained history the obserTi 
was ignorant. Professor Smith says : " I have probably witn^ 
more of t)ie phenomena of conjugation and growth than ani 
other person, and can affirm, without fear of being diisprov 
that . . . . any kind of transformation of Pediastreae or D 
into Diatoms never has happened — nay raore, never will happeo- 
'* I lot^k,'* he continues, **more paiticularj^ to the evolution of 
diatoniH, fully convinced, however, that the errors of misinterprel ~ 
ing what he (Dr. Bastian) saw are quite as great with the dej^mii 
as with the diatoms." For example, fig. 12, PK CXXXIX., i* 
reprodnctioa of one of Dr* Baatian's figures, wliich he declai 
representsj at €, c', the ** heterogenetic " origin of diatoms from 
the Cladaphora filament a. Professor Smitli saysj poor m 
cut is, we easily recognise the ** pedunculated diatoms 
^^Acanikes cj^iUs in its noimuil eonditian ! ^^ In fact, it 
Btantly grows natm*ally thus on CkulophQraj Vaucheria and oth< 
algie* But because Dr* Bastian was not awtwe of ihm^ he took 
the obeervation as a fine illustration— which in view of the fiwti 
Tre have no objection to admit — of heterogeuesi^, Whereas, ** if 
it had l>cen allowed to live it. would have continued the procett 
of self'di\Tsion until finally . . , , a new sporangium woi 
have formed the commencement of a new jseries/* 

Again, Dr. Banian affirmi^ the small forms figured at I 
(%• I 2) are algoid vesicles budded off from Vaucheria, and ti 
they ** gradually become converted into different kinds of 
toms/' And further, *' These bodies increased in dze, and it 
became obvious that they were young iVaricMte {ll*)i 
pattern aaeumed in the early stages is subject to much 1 
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aSTBeveral different dmtmm 3^emmi to be prodaced oorrespoDd- 
iBg t^ these initial forms, mm*^ (fig, 1 2), '* This," says Pro- 
fessor Smith J '' would be wonderful if true ; but not only h 
there no evidence that actual diatoms did come from the 
"feaicleis of Vttu^heriay hut any one familiar witli the obeerva^ 
tion of living Diatoms can tell where they did come from* . ^ . • 
They were in tlie gathering . < * . and made their appearance 
out of the debrh • . * . as we know they will do undCT the 
influence of light* , . . , But, besides, l>iato7ns do tiM grotu 
6y increase of dze t there are no such things as broods of young 

frnstules The late Dr, Gre^ille .... fully agreed with 

me in this," 

'* Further, fig- 13, PI. CXL., is a copy of another illustration 
given in the ^^ Beginnings of Life,'* It is declared to represent 
the " resolution of Euglena into diatooW* It is said concerning 
it that " the whole of the contents of an euglena ^eemMl to have 
been resolved into distinctly striated Nauwidm .... although 
the tarlieT stagm of the transformatiQii w&re iwt seen (/) I 
have no doubt that the dmtonis originated in this way.'* Upon 
this Professor Smith observes : " He (Dr. Baistian) is more easily 
aatisfied that a euglena can transform intu a diatom^ winch pos- 
eesBes a wonderful silicious and beautifully-sculptured epiderm, 
tban he is that Imcteria come from air*gerros;'* and then he 
clearly shows that the group of Nanculae seen in fig- 13 
are simply a group that were devoured, and their protoplasm 
digested, by an amoeba. They constantly are ejected in this 
way from the body of the amoeba after the nutrition has been 
abstracted, and look like an encysted mass with an envelope 
complete; and even when treated with acids, although the 
envelope dii*appearH, the frustules still adhere. And Professor 
Smith has '* slides as well as material showing this in abundanoe,'* 

All this, it may be presumed, is capable of suggesting two 
things : I. The danger of attempting to discover 7ww modes of 
** genesis " until we have made ourselves acquainted with the 
old ones ; and 2, Tliat *' heterogenesis '^ is not even a scientific 
hypothesise for the '^ facts " on which it is founded have not re- 
ceived scientific investigation. 

But hitherto I have dealt with the question as a whole, I 
may now touch a point with which I have endeavoured to make 
myself specially familiar. Dr, Bastian claims that bacteria are 
constantly l:>eing " transformed '* into monodfi. This, it is 
affirmed, takes place in wliat is known as the '" proligerous pel- 
licle,'' or scum which very rapidly forms on tbe siufaee of in- 
fusions. This pellicle is formed chiefly of bacteria ; but it "mmj 
contain every variety of tbrm possible to a given infusion, in the 
earlier stages of their development* It is worthy of remark 
that there is not a single instance throughout in which Dr. 
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Bastian furnishes a correct iUustration of a true pellicle* It 
always dniwii too discreet and too uaiform. The bacteria ai 
always matted together m the closaEt manners and millions 
tiie minute germs of diverse lowly life-forma might tie inter*' 
spei«©d in that portion of tlie pellicle which constitutes the 
** field " of even the highest powers ; and I say advisedly tlml 
no microsc'opist in the world conld ever distinguish them 

It iij now established that the monads produce germs or spai 
— and they are extremely minute. If such germs ^boidd be i! 
terspersed in a gi%"en pellicle, their earliest development could 
not be seen at all j and when it had reached a certain stage il 
would only lie visible under proper and definite condition 
But wlien the developing monad germ had reached say the siza- 
of a bacterium in the yiellicle^ I presume that Dr, Bastian would 
not dlaim any ability to distinguish the one from the othef- 
Kevertheleas fig» 14 is the copy of adi^wing accepted by him 
from Pouchet as displaying tlie origin of " Monaa ten*," a k 
supposed to represent the pellicle, and the small aggregations 
it are taken as the initial stage of the " transformation "' of thei 
organi^ims into monads ; this is said to go on^ until a stage 12 
that seen in b is reached ; and eventually a tiagellated and com- 
plete form result^j as seen at c. And this is presented as a case 
of heterogeneais. Now the fact is that the monad which h 
meant to be depicted here (but which is badly drawn) arises in a 
gern:i— quite invisible unless looked for under special condition 
and not likely to be seen, with tlie appliances used, in a peliid* 
But wiien this and other monad germs develope, as is constantly 
the case, in the pellicle, its growth and expansion, and probably 
other causes, modify, more or le«s plainly, the immediately sur- 
rounding portions of the pellicle, giving it an appearance similar 
to, but too strongly depicted at^ a (fig. 14), the point indeed in 
which the bacteria are supposed to be transforming into moi 
After this tlie germ rapidly progresses, the flagellum is acqui 
and the perfect monad swims away. In fewst it is no more 
case of " heterogenesis *' than is the birth of a humraing-bii 
or an ox* And thia explanation will apply in every instjince 
the said " transformations *' are slightly altered conditions of tli 
pellicle^ resulting from the natural growth of int^^rspersed moii 
g@rms» 

But nowhere has the egregious mistake of this ob^ervf 
method m much impressed me as in the illustration on p, t. 
of voL ii. of hig " Beginnings of Life," I neproduce as mu<: 
of it as is required in fig. lo j <t a are monads which are mi] 
posed to have originated in the Imcteria, At c e c? these monii> 
are ("heterogenetically **) cliangin^-, or changed into ama^h 
Ai dd these amoBbm are seen minus the fiagella, itt au acti 
"nd a itill condition. At e,/, g they have become eucyjstcd 
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and at i, i, iti they are seen to resolve themselves into tmeteria 
again ! 

Now^ if Dr. Bastlan had in this case only watelied more mn~ 
tinuouslyy and with the care required, lie would have ibunti that 
he had here the complete life^cle ofaramiad ; and hy doing so 
would have handed over a useM fact to science. But as it is, 
the trutli is absolutely obscured. 

The fects may be briefly glanced at. A monad life-liijjtory, 

in aU essential respects agreeing with tlie ** heterogenetic '* 

just given, was worked out and puhliished in the 

Monthly Microscopical Journal/'* It originates in a defi- 
nitely discovered and carefully followed germ. In fig. 16 is a 
drawing of a germ arii^ing in the pellicle. This was under a 
magniBcation of 3,500 diams. ; and in the drawing all is 
reduced to one-fourth, except the germ just commencing to 
develop, whicli is exaggerated, even at the fiiU magnification, 
for the sake of clearness, and shown at a. Fig. 1 6 ^ , a drawing 
made on the same conditions, shows the early development of 
the germ» Fig. 17 is a fiilly developed monad. After a greater 
or less length of time spent in multiplication by fission, it 
becomes ami£baid^ as seen in fig. 18. This may be compared 
with c c Cy fig. 15, This amoeix)id state becomes very gene- 
ral, and two meet, as at fig. 19, and instantly unite, the blend- 
ing going on until the two forms are united into one, as seen in 
fig, 20, eaeli of which may he compared with d (lower figure), 
fig. 15, Encystment now rapidly ensues, and is in progress at 
fig- 21, which may be put beside d {upper figure), fig. 15; 
and this is complete in fig. 22, perfectly comparable to e,/, ^, 
fig. 15. This cyst eventnally pours out ^certainly not bacteria — 
but germs, which were watched continuously into the parent 
form. Thus what Dr, Bastian supposed was the " transformation" 
by *' heterogenesis " of one vital form into another, was in fact 
only a series of stages in the metamorphosis tlirougli which a 
monad with an ascertainable history was passing. A\Tiile ia 
the same journal f another such history is given in wliich the 
organism, after passing through similar preceding changes, he- 
comes a cyst, which pours out limng younff* 

Thus, wherever certain knowledge is brought to bear upon 
the reputed cases of '^ heterogenesis," they are easily shown to 
be erroneous and misleading, and afford no foundation for the 
superstructure that has been raised upon thera. As no sound 
philosophy can he opposed to tlie conception of a continuity in 
Kature, and no true science can object to itst discovery, hut must 



• '* Beseftrclies on the Life-Hiatof j of a CeTcomonad.*' By Dalliager and 
Dryfldftle, Vol x, p. 53. 
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rejoice in it, m no tnie biologist would reject " heterogeDesiii ** 
for its own sake, or hwaiise it opposed v?}rtit seemed to be estab* 
lislied facts ; but a& it would be retardiog tlie development of 
the most sxicred of fill things — Tmtb — to accept as evidence of 
JTature's continuity liftween the living and the de^id Dr- Bm- 
tian's proffered evidences— even the latest — of '* abiogenesin," 
so it would be weakness without a name to accept '^hetero- 
genesis" on the erroneous facts and equally erroneous in^ 
ferences of its principal if not its only advocate. 
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EXPLANATION OF PLATES CXXXIX AND CXL. 

A ^oup of minute rotifera, which, their hiatory being unknown^ 

might have been suppoaed to hare been trnusformed tWmjiM. 
The ftbo\ e retifer miignified 80 dinma., and identified with Koi^m- 

nmtn paramta (Ehr.), 
The snme rotifer as a parasite within the voIvoXf the Utter betpf 

flligbtly nut of ftjcua to aharpen the imftge of Uie rotifer, 
A new and unkotjwn monad, found in a pond at Sandbuiit. 
Dmocfmriu CoUifmi^ which »udflenlj appeared with th« dinppeil- 

ance of the monad (iig. 4). 
A metamorphosis of fig. 4. 
Profile of fig. 5, showing & i^roteaque aiinikntj between Bgi. 6 

and 7, 
The body of a terdigradej said by Df, Bftstian ^ have Tesolred ite 

^* tolnl internal Buhet&n^^e " into germs which axe aaid to be 

capable of developmeni into t4urdigradea, 
A similar phenomenon ieea hy Mr. G. F. ChantreU, in which the 

gernxfl were followed out and became stentore. On, 9^, 
The hollow skin of a tardigrade, showing that it may become th* 

accidental reatingand hatching place of amall eg^s or epoi«; ^«a 

e^^ and c a rotifer (Mmura duicii)^ emei^ed from tr* 
Amceha h%a tt^ Bup posed to have ariaen from the fuagua wkicb 

appeared upon anacharis {G, F. ChantTeU.). 
Supposed caaeof ^* heterngeneaia '^ of diatoms horn Chdh^kom ilhd 

idgoid i^orpusdea, « /^ l/, m m\ but shown by Profeaaor Stnitli li 

have anaen naturally in thid podtioDp which h iheir htMt, 
A iupposed case of ** heterogenetic *' production of NaTJcuhid ^on 

Eiiglena, but i^hown by Professor Smith to be a cliialiar rf 

diatomi that had been devoured and ejected by is Mn^ba, 
Supposed origin of Monoi lens in tnmaformed biCtaciiu 
The reputed *' heterogenetic ^^ change of mcmada loto ftEOO^ tad 

hack again to bacteria (Baatian)* 
to 22, The ehangeB in fip-. 15, euppoaed to be heinrogenatk, 

explained by the aaomained metasQorphoflaa of the mo<i«d hm_ 

depicted. 



w 



"^^f 



^. 



^ 



M 



'^ -L V7 



,^* ^: 



;i: 









^V#: 



??->"^rv 









,V/i IjfA/.i-yiAjri>!*- d*J.. ou.1 y^^M 

71777 St, x-ations of mista>.eT\"yL^Xv.T:;>>^i?-'£^^--"s-^ 






••^-^K Lir».nx ANi. 1 



351 



ASTRONOMY IN AMERICA. 
Br RICHARD A. PROCTOR. 



URING my visits to America in 1873-74 and 1875-76, I 
was led from time to time to notice with interest the pro- 
ss and promise of astronomical science in America. My own 
cial purpose in visiting America on these occasions partly 
light these matters to my attention. The circumstance that 
I country so much more thinly peopled than Great Britain, 
hould be possible not only to obtain audiences for lectures on 
li a subject as astronomy, but to obtain more and better and 
jer audiences by fiur than could be obtained during a lecture 
ion in England, for any single scientific subject whatever, 
eared to me in itself sufficiently remarkable. At a first ^iew 
I might have been referred simply to the fact that the Ameri- 
8 are a lecture-loving people, preferring the quick and ready 
:hod of learning the more striking facts of a subject from 
3rbal exposition, to close study and application. But I soon 
reived that something more than the mere desire for super- 
il knowledge was in question. The number of persons 
ling close inquiry into the subject was nearly always 
iter (even in proportion to the much greater audiences), 
1 in England. That still more select section of every audi- 
3, tbe actual workers and observers, I also found to be corre- 
ddingly large ; while again and again I met with what in 
;land is certainly very unfrequent — cases, namely, in which 
ons not engaged professionally in the study or teaching of 
onomy had privately worked so zealously and so ingeniously 
stronomical research as to have effected original discoveries 
K)nsiderable interest. 

do not propose, however, to enter here into an account 
hese experiences of my own. To do so would indeed be a 
ome task to me, as enabling me in some degree to express 
only my sense of the interest taken by Americans in science, 
also my recognition of the unvarying kindness with which I 
personally received. At Boston, New York, Philadelphia, 
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Wastungtoa, Brooklyn^ St. Louk, CinciDnati, Ealtimorei 
Chicago, Columbus, Lotiis%'^ille, Kiinsaa, and Minneapolis, and, 
in fact, at all the cities and towns which I \isited, I received a 
generous and kindly welcome from the community, accompaai 
by acts of personal kindnesss from individuala, which I 
always hold in grateful remembrance. But thhi would not 
the place to attempt the task — ^in any case no easy om 
attempting to express my sense of American kindness and 
hospitality. My present purpose is to indicate simply 
remarkable progress made by Americans in astronomical seien* 
during the last half-oentury- 

Fifty years ago there were few telescopes and no ohaervato] 
in America. It was not greatly to be wondered at that the 
nation should not up to that time have given any great de^ 
of attention to scientific matters. The proportion of the pupi 
lation having leisure for scientific and especially for astronomii 
research was but small, and the government had matters of moi^ 
vital importance to attend to than the erection of observatories* 
For several years the attention of Congress had been c^led to 
the necessity of a national observatory ; but when Presideafl 
Adams, in 1B25, made a special appeal to this effect, his prS 
posal met with ridicule and disfiivour, ■ 

The first action towards the initiation of astronomical reseansfl 
in America bears date March IBIO, when it wag proposed ifl 
Congr^ (hy Mr. William Lambert, of Virginia )j that a finfl 
meridian should be established for the United Stat^^s (the merw 
dian of the Capitol at Washington being selected), in order tfl 
obvkte the *' confiision already existing in consequence of tlm 
assiunption of diflerent x^laces within the United States tm 6tm 
meridians, on the published maps and charts '* in the countrr-J 
The proposition was not at once acted upon. In July 1812 \¥« 
find Mr. Monroe^ then Home Secretary of State, indicating ttj| 
astronomical hearing, " In admitting,'' said he, ** the proprietfB 
of establishing a first meridian within the United States, it fal-B 
lows that it ought to be done with the greatest mathematjcil V 
precision. It is known that the best mode yet discovered fcr J 
establishing the meridian of a place is by observiitions of them 
heavenly bodies ; and that, to produce the gre^t«fst accuracy iii ■ 
the residt, such oliservatioiis should be often refK^atcd, at suit* 
able opportunities, through a series of years, liy me^ns of th^ J 
Ijest instruments. For this pm-pose an observatory would Ir of-B 
essential utility. It is only in such an institution, tji \k^ fmiiuWB 
by the public, that all the necessaiy implements are likrlv t^>l"^B 
collected together; that systematic obser^'ationi* cnu be niiwlrfw^B 
au}^ great length of time, and that the public can lie niadeH 
^ciue of the results of the labours of seientitic men. In favour ■ 

such an institution it is sufficient to remark that tfverv natioii| 
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^bich has astablkbed a first meridian l»££bo estaUiiOied an 
olieervatoiy." 5£r. Lambert bnmglit in a bill pra^osmg the 
erection of such an obsenratofj in 1813; bat nothing more was 
done'urjtil 1815, when the memorial on wbich the bill oC 1813 
iiad been based was referred to a «elect eomimttee. No steps 
^ere thep taken, however, to carry a bill. In Xovember, 
1818, a third memorial from Mr- Imnbert was presented, and 
referred to a select committee ; but the resolution asked for was 
mot finally passed mitil March 3, 1821, when Mr, LambeTt wa« 
appointed by the President^ '* to make astronomical ofaeervations 
by lunar oeeultations of fixed starSr solar eclipses, or any 
aj)proved method adapted to aiicertain the longitude of the Capi- 
tol from Greenwich," In December 1823 Mr. Lambert, in a 
report of his labours, gave for the longitude of the Capitol 76^ 55' 
30'' '54^ closing his report with a strong appeal for the erection 
of an obser^ atory< 

Two years later. President Adams urged on Congress the 
estaiilighment of a national observatory aa port of a wider 
scheme for the advancement of knowledge. Uia remarks on 
the astronomical portion of hia scheme serve wdl to show the 
position of astronomy in America half a century ago. ** Con- 
nected with the establishment of a university,^* he saya, **or 
separate from it^ might be undertaken the erection of an astro- 
nomical observatory, with provision for the support of an 
astronomer to be in constant attendance on the phenomena of 
the heavens, and for the periodical publication of his obiierva- 
tions. It is with no feeling of pride as an American that the 
remark may be made, that, on the comparatively small territorial 
surface of Europe there are existing more than one hundred and 
thirty of these lighthouses of the skies; whUe throughout the 
whole American hemisphere there is not one. If we refiect for 
a moment upon the discoveries which in the last four centurit^ 
have been made in the physical constitution of the universe by 
means of the^e buildings, and of observers stationed in them, 
fihall we doubt of their usefulness to every nation ? And while 
scarcely a year passes over our heads without bringing some new 
astronomical discovery to light, which we must fain receive at 
secondhand firom Europe, are we not cutting otirselves oflf from 
the means of returning light for light, while we have neither 
observatory nor otiserver upon our half of the globe '' (!) " and the 
earth revolves in perpetual darkness to our unsearching eyes ? *' 
In March 1826 a bill *'to establish an observatory in the 
di^rict of Columbia " was brought before Congress and read the 
first and second time, but the House Journals show no fin*tber 
trace of it. This bill was due to the recommendations of Mr, 
Adams, who did not relax in his eflforts to secure the erection 
of a national observ^atoiy, though delays and disappointments 
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occurred which might well have exliau^ted his energy, saeio^ 
that the dates of his renewed and for awhile useless appeals 
were 1836, 1838, 1840, and 1842, 

Passing over maoy circumstances in the history of ihem 
transactions, not as being without interest^ but because epace 
will not permit of their Ijeing presented here, we may prooeed 
to the time when the actual erection of the buildings was com- 
menced. This was in 1843, or no less tlian thirty-three years aft^r 
the plan for an observatory was first proposed,so that fully one half 
of the period which has elapsed since Lambert of Virginia first 
called lus countrymen's attention to the necessity of establis 
a national observatory was lost in discussions and delays, 
the close of September 1844 the new building was re^y 
occupancy^ and the instruments were adjusted, 

Finom 1844 to 1861 the Washington Observatory was und^ 
the superintendence of Lieutenant JIaury. In Septemlicr 
tlie first volume of Observations was issued. Its value has Wn 
thus described by an impartial and competent judge. ■•' Besides 
a fair amount of observations with the two transit instm- 
ments in the meridian and the prime vertical, and tliose witit 
the mural circle, it contained various important investigafina.-i 
of tlie errors and corrections peculiar to the instruments : Pr*>- 
fessor Coffin's masterly diBCuasion of the adjustments of the muml 
circle, and his ejtpansiou of Beasers Refraction Tables ; Walker a 
investigation of the latitude of the observatory, and liis com- 
parieon of the standard thermometers ; all of great value/^ 

In the second volume reference was made to the disit^uveir 
Neptune, and the success of Mr. Walker^ one of the a^i^istaista 
in detecting amongst Lalande'a observations two of Neptiu 
on May 8 and 10, 1793^ when the planet was observe*! 
recorded as a fixed star. ^lAetronomefs were thus fimiisbe 
with an observation of Neptune made 52 years before, whic 
afforded the means of a most accurate determination of the orliit 
and enabled the superintendent of the American Nstttticall 
Almanac to publish an ephemeris of the new planet two yt: 
in advance of all other parts of the Almanac. The observtitt 
%uaa Jirat braugki into prominence by these reaearclm^J^ 
October 1849 Lieutenant (now Eear-Admiral) Davis wrote i 
follows to the Hon. Secretary of the Na^-y on this suliject 
"The theory of Neptune belongs, by right of precedeuct% 
American science. In connection with its neighbour, Uninm, i| 
constitutes an open field of astronomical research, into whicP 
tlie aitjonomers and mathematicianji of the United States haic 
lieen the first to enter, and to occupy dibtinguished places."* 
Deprecating heartily, though I do, all reference to prit>ritv 
nationality in such matters, as opposed to tlie true acie 
spirit, I cannot but note how Professor Newoomb, by his i 
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able reaearebea into the tlieory of Uranus and Neptune, haa 
fulfilled the hopes thus expressed nearly a quarter of a century 
before his laboara were brought to a successful termiuation* 

The work of the observatory thus happily inaugurated was 
proBecuted steadily till 1861, when Commander Maury left 
Washington to join the cauae of the Confederate States. During 
the greater 7>art of the war the observatory was under tlie charge 
of Captain Gilliss, who died on February 9» lS6a, '' It has been 
noted as a strange coincidence of circumstances," says Professor 
Nourse, in the memoir of the observatory from which we have 
been quoting, " that the last morning of his life witnessed an 
announcement of results deduced at this observatory which 
had fulfilled his long deferred hope of determining the solar 
parallax* by simultaneous observations in Chili and in the 
United States. This announcement would have been peculiarly 
gratifying to him because these results were from the joint 
activity of the two observatories, founded through hu exertions, 
five thousand miles apart." 

From I860 to 1867 the observatory was under the superin- 
tendency of Bear-Admiral C. H. Davis, and from 1867 to the 
present time it has Ijeen under that of Rear-Admiral B. F. 
Sands. Without further considering the work accomplished at 
the oleerv^atory itself, which has partakeu of the general 
cliaracter of oflttcial astronomical research, we may consider here 
some of the special a^^tronomical occasions at which the observers 
trained at Washington have assisted. 

The total eclipse of August 7, 1869, was closely observed by 
parties from the observatory. Professor Asaph Hall and Mr. 
J, A. Rogers, proceeded to Alaska; Professors Newcomb, 
Harkness, and Eastman, to Iowa ; and Mr. F, W» Bardwell, to 
Tennessee. The observations made on this occasion were of 
great value and interest. The solar prominences liad had their 
real nature determined during the eclipse of Augtist 1868 j 
and the American observers were not content to repeat the 
observations then made, but extended the method of spectro- 
Icopic analysis to the corona. They also obtained photographs 
of the coloured prominences. The work accomplished by the 
Washington observ^en^, together with the ohservations made by 
Dr. Curtis, Mr, J, Homer Jjane, of Wasliington City (la.) and 
3Ir, W. S. Oilman, jun., of New York, and Gen. Myer, U.S.A., 
form a quarto volume of 217 pages, with twelve ill uiJtrations. 
Of this valuable and interesting volume three thousand five 
hundred copies were printed by joint resolution of Congress. 

The superintendent of the Washington Observ^atory was not 
content with tins. " Believing that the experience of ita officerti 
in their observations of the eclipse of 1869 should be availed 
of for the further eluddation of the subjects involved in sue li 
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phenomena, lie addressed the Navy Department upon 
subject of their employment in Europe m observing the ecHps^ 
of December 1870; tlie Department promptly det-aOed the pr€ 
fessors who had been the observere of the previous year ; " ai3 
it was doubtless through the energy thus displayed by 
Admiral Sands, that other skilful American agtronomers wer 
enabled to cross the Atlantic for the purpose of observing 
important eclipse. Unfavourable weatlier prevented ob^rva 
tions of this eclipse at some of the best stations, but th 
American observers succeeded in establishing the accuracy 
the observationa made in 1869; and to them must be attributed 
in large part the definite demonstration of the fact, which though 
now admitted was then much disputedj that the corona is a 
solar phenomenon, and not due to tlie illumination of our own 
atmosphere only* 

Tlie part taken by the Washington Observatory in preparing^ 
for and co-operating in the obeer\'ation of the transit of Venus, 
on Dee, 8, 1874, is too recent to need tiill description in thi* 
place. I may be permitted, however, to dwell with special 
commendation on the manner in which American astronom(*n ' 
devoted themselves at that time to a task which they migM 
fairly have thought the business of their European brethren, 
transit of Venus is to occur in 1882 which will be speciallj 
American, being visible wholly or in part from every portion 
the United States ; and if America had reserved her energies foi 
that occasion, no complaint could reasonably have been made 
It was indeed the prevalent idea in Europe that that would U 
the course she would adopt. But with singular genercwity and 
scientific zeal, she not only devoted to the work of observing thfli 
earlier transit a sum largely exceeding the amount granted 
any other government (and ne^irly twice as large as Or 
Britain paid), but undertook some of the most difficult pofi 
of the work, which otherwise would have been left unprov 
for. I cannot but recall with a feeling of something like per 
satisfaction {though conscious that such a feeling ought 
no place in the mind of the true student of science) the ^ 
edition with which I welcomed the annoimcenient, early in U 
that America had undertaken to occupy positions, the importrl 
ance of which I had long pointed out, but which, but a fortnigiit 
before that announcement reached Europe, had lieco confitf 
described as astronomically inferior and geographicfilly unsuii 
The pleasure I then felt was only surpassed by that whieli 
f^xpcrienced subsequently, when news receive^l from the vario 
oliserving stations showed that at those just mentioned 
achieved some of the most important RicceBses of the occanion. 

Another noble contribution made to science at Wa^hiogtoii 
hm been the erection of the splendid refractor* 26 incliei ta 



America is fevtimaie iiL ff oa m esaiz nc iii JLJr&x diKri: Uie 4r>Mi3)oA 
liTing master of the* an lA ofciiSrxKtiszic Lcc^ vcoevii-c^jkstji^ «>t 
good definitioD. He bad aibEsadr cviziscni^:?^^ a te[K«k*v>^ IS 
inches in aperture for tbe ociasruocr a: 0!l:k:a^>: H:: br :!he 

contract negotiated vith Lizn 2:1 Ai2£rafa ISTO Vr Profeft^Y 
Newomiby he was called oq to aeiiierY a fu- hko^ di&uh la^k 
in the construction of a telesoope of ±6 ixMJw^ cWr a^vfturv'^ 
He has successfully accomplisabed this task« and the lek^»|v 
has already obtained good results under XewombV skilfiil 
management. The most important of these i$ an ej^ten^w 
series of observations of the satellites of Uranus ainl No)^mH\ 
made with a view of determining the elements of their orlut^ 
and the masses of the planets round which they oirok\ The 
observation of the two Uranian satellites, Ariel and I'mWieU di** 
covered by Lassell, and of the Neptunian satellite also di^JtHnenni 
by him, must be regarded, on account of the extreme diftiouUy of 
observing these bodies, as a very valuable oontributiou* to 
astronomy. It is pleasant to notice that Nowoonib has Unni 
able most thoroughly to confirm the accuracy of 1^088011*8 work 
in Malta, the mean motions of Ariel anil Umbriol iltHluctHl fnuu 
the Malta observations being so aocurato that, Bays Nt^wooml), 
** they will probably suflBce for the identification of tliow^ oljjoct^ 
during several centuries." Although no HyHt^»mati<^ warclj hiiM 
been made for new satellites of Uranus, y(jt <^!»ough IniM Ihmmi 
done to show, " with considerable certainty,'* that at IraNt Mm^ 
outer satellites supposed to have been mm by Hit W. llnMchnl 
*' can have had no real existcnwj " ^as Hat4rllit4*M, that In to nay). 
Before passing to the Ijrief cf^nsiduration of t\u*. work iM'.<!oin- 
plished in some of the other American o\mrrmUirU% m^ friimt 
iiilly admit the justice of the remarks msulf. \fy Vrtfft^nmtr Nourwi 
in closing his memoir relatjn(( Ut iU **'JIiit inmliUfU wm 
accorded to it,'* he sayn, ** 1/y the fm-. iriUtUtn iff ^wfl^-ritltte uu^u 
in the Old World a» well hh at l»//rrMr, in m/f, with//fii Umom SJt 
our country; and thw notwJthj(tAridjnK Um? ijftft\tfifnVin\y mjruh 
founding of the irurttituti/jti, ar»/J tfie ;w yet, lirniM H^fjfttffni^ 
tions sustaining it, ft may, fi#^rT-rf//re, j'^^Jy thwt h <f^. u^m* 
generous «ippr^ ; ar »rf t^*^ j>W)^^ fr»*7 ^^ it^ftly ff,^h,fhf9tit 
thus mfffff/ru^i zu\ ^^i^,nj 4ir^^/-/|, \t ^iJI //^fr/. fii*$fU4 
yet more yrj^Hjh.^ V/ taavf:^\ pti/K ^*^^ ^^huu \* h uMht 
infimtdj ju^^. My^xfA, wXiw^^u^ U^, ujj^^^, ^J/m //f 
8cienti£/; :*:**^*x,. W;^. tjr.**; rA ;f v* ^,fr,rA f^z-^ff^U //f v^i^^^^ 
mufct r*&t.;: »4*^ V*-* »v^^^, *rx^^^>t\ -^ v.-^ ^r/y^ff.ft^yf^ *<•; 
the fiiti-; -^*4-vwt -»Vx %v>. ^tfy^Af) »'>r, ,f^ M'iftf.f/f^r^ry^fhs'' 
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used for astronomical purposes in America -wm set tip at Yale 
C<jllege forty-gix years ago. The first observatory, however, 
properly so-called, was erected at Williania College, ]ilasa>^ in ■ 
1836. The ne^t was the Hudson Observatory, established ia ™ 
conoection with the Western Eeserve College, Ohio, under the 
charge of Professor Loomis (now of Yale), whose workg on 
astronomy are deservedly held in high esteem in this country 
as well as in America, Nest in order of time came the Ol»- 
servatoiy of the High School at Philadelphia, whicli aclue%^ed 
distinction under the able management of Messrs, Walker and 
Kendall. The West Point Observatory wa^ next e^ablished, 
and plaeed under the care of Professor Bartlett. All these pie- 
ceded the Washington Obsen^atory. M 
Soon after the ^Vashington Observat<>ry had been erected, an " 
observatory was built at Cincinnati. Its history illustrates well 
the way of carrying out such work in America, when the govern- 
ment does not take the work in hand. The idea of erecting an 
important ohser\*atory in Cincinnati was first entertained by 
Professor Mitchel, then professor of mathematics at Cincinnati 
College, He proposed to attempt the task without any aid from 
the general or state government, by the voluntary contribution 
of all classes of citizens. To ascertain whether any intereit 
could be eiEcited in the public mind in favour of astronomy, 
he delivered in the spring of 1B42 a iseries of lectures in the 
hall of Cincinnati College, With tndy American ingenuity he 
devised a mechanical contrivancej by help of which telescopic 
views in tlie heavens were presented with a brilliancy comparable 
with that " displayed by powerful telescopes.'* Tliese lectures 
were attended by large audiences, and, I may add in pacing, 
that tlie interest which they excited is to tins day weU rcmem* 
bered in Cincinnati — no smaU proof of Professor Mitchersj 
power as a lecturer.* The last lecture of the course wels de-| 
livered in one of the great churches of the city (a thorough | 
American and sensible proceeding), and at the close ProfessorJ 
Mitchel submitted to the audience, consisting of more than twoj 
thousand persons, his plan for erecting a first-class obR?r%'atory, 1 
and furnishing it with instruments of the liighest order. He 
promised to devote five years of faithful effort to aceompliA 
thi« task. The following course was then miggeifted : — ^^ The ■ 
entire amount required to erect the buildings and purchase the 
instnmients should be divided int^j nhares of twenty-five dollars? 
every shareholder to be entitled to the privileges of the ofc 



• The iflme npinitrk Rppliea to the lecturea which lie sub&equeDtly deHrcifil 
la New York, Ntw Orleflns^ Boslon, BtooklTn, and other Ur^ dtlea. It 
h tlmmt impoEiAible to ovcr-estimatt the sen- ice thus if»a(kied by I'^ofa iigt 
Mitchel to astroiwJiny in the Uaited Stntei. 
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servatory under the management of a board of control, to be 
elected hj the shareliolders. Before any mibecription shotild 
become binding, the names of 300 mibscriberg should be first 
obtained. These 300 sljonld meet, organise and elect a board, 
who should thenceforward manage the affairs of the association**' 
In three weeks the 300 subscribers bad been obtained, without 
ealling any public meeting, and merely by qiuet vijaits in whidi 
the nature of tlie scheme was descxiljed and explained. Then 
officers were elected, a directory formed, and Mitehel was sent 
*' to visit Europe, procure instromentg, examine oheeni^atories^ 
and obtain the requisite knowledge to erect and conduct tlie 
institution, which it was now hoped would be one day reared." 

T^lien J^Jitche! returned four months later, a great change 
had occurred in the commercial affairs of America. '* Every- 
thing was depr^sed to the lowest point,'' and it was with gr^t 
difficulty tliat a sum of 3,000^ was collected and rmnitted ta 
meet the first payment for the telescope of 12 inches aper- 
ture ordered of Merz- The best place for the obeervatoiy 
was a hill-top rL'^ing 400 feet aliove the level of the city. On 
offering to purchase this from Mr- Jjongworth, to whom it be- 
longed, Professor jMitchel was directed to select and enclose 
four acres, widcb Mr. Longworth presented to tlie aasociatiotu 
On Nov. 9, 1843, the comer-stone of the pier which was to sus- 
tain the great refiiacting telescope was laid by John Quincy 
Adams, wlio undertook the long (and then difficult) journey 
from Washington to give this proof of his interest in the cause 
of astronomy- When, in May 1 844, the great telescope was paid 
for, the funds of the association were exhausted, and the esti- 
mated cost of the building amounted to more than 7,000(?- Iji 
this difficulty a simple but again perfectly American plan was 
followed, Meclianics and others were invited to subscribe for 
stt>ck in the Astronomical Society, paying their subscriptions 
with work. In eii weeks not less than one hundred hands were 
at work on the hill-top and in the city. The stone of which 
the building was erected was quarried from the grounds of the 
society. The lime was burned on the hill, and eveiy means 
was adopted to reduce unnecessary expenditure. PajTnent for 
stock was received in every possible article of trade ; due bills 
were taken, and these we^ converted into others which would 
serve in the payment of bills. In this way the building was 
reared, and finally covered in, without incurring any debt. 
But the conditions of the bond by which the lot of ground waa 
held required the completion of the observatory in June 1845. 
It was seen to be impossible to cany forward the building fiist 
enough to secure its completion by the required time without 
incurring eome debt, *'My own private resources,'* proceeds 
Mitehel, ** were xised in the hope that a short time aJfter the 
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finishing of tbe observatory would bo sufficient to ftimkh the 
funds to meet all engagement>Sp Tbe work was piislied rapidly 
forward. In Febrnarj 1845 the great teleseupe safely reach* 
tbe city ; and in March the building was ready for its reception.^ 
Unfartnoately, just at this time, when his private meau^ wei 
exhausted, Professor Slitchers profesaorsliip was brought, in a 
very sunmiary manner, to a temporary close, in constx|Uence of 
the college edifiee being burned to the ground. To recjmit hm 
means without abandoning tlie cause of astronomy, he gave 
courses of lectiu-es in the chief cities of the United Stal 
meeting with well-deserred success. 

The observatory thus erected achieved useful, though 
very striking results. An oljservatory which was erected a year 
or two later took so quickly the leading position, so far as tbe 
actual study of the heavenly bodies was concerned, that tb 
progress of the Cincinnati astronomers, as indeed of most ol 
the astronomers of the United States, received less attentioi 
than otherwise might have been the case, I refer to the Ob^' 
servatory at Harvard (Cambridge, Mass,)- Here one of the firat 
equatorials ever made by Merz was erected ; and by means of it 
W- C- Bond and his son Geo. P, Bond made highly interesting 
additions to astronomical knowledge- The seventh satellite of 
Saturn (eighth and last in order of discovery) was detected. 
the dark ring rediscovered and found to be transparent ; im 
portaut drawings of nebulae were made, and many other ol; 
servations were effected, under the administration of the Bon 
Later, under Professor Wialock, the Harvard Observatory bii 
been distinguished by the excellence of the mechanical arrang> 
ments adopted there, and by M, Trouvelot's admirable draw- 
inga of solar spots and prominences of the planets Jupiter and 
Satiun, and of various details of lunar scenery. 

In passing, I may note that at Harvard, as indeed elsewhe 
ill America, others than professed ajstronomers have achiev 
very ueefiil astronomical work. As Professor Mayer, of tb 
Stevens Institute, Hobo ken, has turned his marvellous ingeiiuil; 
in devising new methods of physical research to astrononui 
inquiries, bo Professor Cooke of Harvard, whose special subjei 
is chemistry, made a most important astronomical discovery, 
which has dnce been ascribed to Janssen, who, later (thougl 
independently and by another method) effected it. Proft 
Cooke made a series of observations on those hands in th^ 
8alar spectrum which are due to our own atmosphere, with 
object of ascertaining whether they are due t^ the constant 
stituents of the air, or to the aqueous vapour which is pn 
in the air in variable quantity^ Combining hygrometric wit 
spectroscopic ob^erirations, he found that when the air is moii 
theae bands are more clearly seen than when the air is dry, am 
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by systematic observations so definitely ascertained this rela- 
tion as to prove beyond all manner of doubt that the band& 
are due to aqueous vapour. Unfortunately, though his results, 
were published in America, they were not published in such a 
way as to attract notice in Europe, and accordingly European 
astronomers remained ignorant of the most^ important fact dis 
covered by Cooke until they had rediscovered it for themselves. 
The Observatory at Ann Arbor, Michigan, was erected in 
1854, chiefly through the exertions of Chancellor Tappan, of 
the Michigan University. Dr. Briinnow, our present Astronomer 
Boyal for Ireland, was for a long time director of this obser\'a- 
tory. It is at present under the able control of Professor 
Watson, who has added nearly a score of planetoids to the 
known members of the solar family. 

Tlie Observatory of Dartmouth College, Hanover, N.II., 
illustrates in a remarkable way the energy and zeal with which 
college observatories are managed in America. It would l^e 
difficult to name any observatory in this country where ol>- 
servations of greater interest, as respects the physics of astro- 
nomy, have been made than those effected by Professor Young 
with the 9-inch telescope constructed by Alvan Clark for tho 
Dartmouth College; or than the supplementary olmcrvsiiionH 
made by Young with a powerful telescope conveyed t^> an ele- 
vated pass in the Bocky Mountains. Amongst his resultH rnny 
be specially mentioned — first, the observations of the most n- 
markable solar outburst yet witnessed, an outburttt during 
which the glowing hydrogen of the prominences was driven in 
a height of at least 200,000 miles from the surface of th(; muij ; 
and, secondly, the identification of more than 250 lines irj tho 
spectrum of the solar sierra. 

And as the most interesting and characteristic ol^Kcrvniioim 
yet made upon solar prominences are due to Profesw^r Young of 
Dartmouth Observatory, so the most accurate and det^iihd. 
drawings yet made of sun-spots are those by Profcjswir H. 
Langley, of the Alleghany Observatory, near Pittsburgh. 

At Chicago, a very fine telescope, 18 inches in aperture, l)y 
Alvan Clark, has been erected ; but, owing to pecuniary diffi- 
culties consequent on the great fire (followed by tlie commercial 
depression which has recently affected the United States), 
that observatory has suffered considerably from the want of a 
properly remunerated director. The Astronomical Society of 
Chicago has done its best to set matters straight, but differ- 
ences have arisen which have marred their efforts. In the? 
meantime Mr. S. W. Bumham, of Chicago, has shown admirable 
zeal and skill in the systematic observation of double stars,, 
having discovered and measured more than 450 of these objects, 
(all of a delicate and difficult nature). 
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But, indeed, it would be hopeleis to attempt, in the ehort spaeef 
available to me iiete, to give any sufficient account of the 
laboiu!^ of American aatronomerSt whether attached to govera- 
inent or state obsenatorieB, or working independently. Of the 
latter, and in my opinion not the least important class, I need 
cite only Drs. Rutherford and H. Draper, the former of whom- 
besidea making otlier extremely important contributions to astro- 
nomy and physics, has produced celestial photoj^raphs admittedly 
better than any obtained on this eide of the Atlantic, while the 
latter at an earlier period acldeved results in celestial photo^ 
raphy which were far superior to any obtained at that time, or 
for many subsequent jears^ The advice and assistance rendered 
by Dr- H, Draper to the astronomers to whom was entnisted the 
preparations for the recent transit^ was most deservedly com- 
mem orated in a medal which the American government honoured 
itself by awarding to him* 

Tlie most striking feature in the contributions niade by 
Americans to jistronomy appears to me to lie the skill ishown iti 
noting the essential points to be aimed at, and the fertility and 
readiness of resource exliibited as the work proceeds. In Eng* 
land, students of astronomy are too much in the habit ofi 
following conventional rulea and wasting tirae over unneceisa^j 
preliminarieB* An American astronomer notes that some 
ticular observation is wanted, and directs his efforts to mi 
that ot^servation, not considering it necessary in the first place 
to go over groimd already repeatedly traversed by others. 

I have been sometimes asked whether officialijsm is as ram- 
pant in America as in England in matters scientific. Americao 
scientific officials have assured me that it is, or rather (for tb©y 
have not worded the matter precisely in that way) tliey hold 
that official science is properly (as they consider) panimoimt ia 
their country. I wa^ gravely a^ured in WaahingtoUj for 
instance, that the course which I had pnrsned in England with 
reference to the suggested official schemes for observing ihm^ 
transit of Venui? in 1874 would never have been tolerated in 
America, despite the fact that the course actually followed bf 
American official science was precisely that which I had advisedL 
It was the principle^ m an eminent American official Bcientliit 
assured me, which was in quegtion, and no AmeriiD&ii would have 
been suffered to oppose as I did the courflo advised by the chief 
official astronomer. What would have happened to such an uo- 
ibrtunate was not clearly indicated ; and I must confess tlmt all 
I heard outside official scientific circles in America suggesttd to 
me that any mistake made by official seience would he com- 
mented upon even more freely in America than in England,^ 
and quite a« safely. In fact, I had reason to believe that thai 

nnth of my own webome in America was in no smdl 
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due to the fact that having firi^ proved the justice of my views, 
I had not been afraid to loaintain them publicly against the 
powers that were until the proper coiurse was adopted. 

One other point remains to be noticed — the influence, namely, 
of religious ecruples upon scientific progress and research in 
America. Here I must admit that I was somewhat disappointed* 
I erpecjted to find America a long way in advance of England- 
But with some noteworthy exceptions, especially in the west, 
America seems to me to be behind England in this respect. It 
is only here and there in England — in the Boeotian comers, so 
to speak, of this coimtry — that the community opposes itself 
to advanced scientific ideas to the same extent as in some of 
the leading cities of the United States. This is partly due to 
two opposite influences — the Puritan element of the American 
population on the one hand, and the Roman Catholic element 
on the other. Progress, however, is being steadily made in this 
as in other matters. Indeed, it has been rather because America 
began later to bestir itself in the encouragement of free search 
after truth, that she is at present behind England in this respect- 
Judging from experience in other matters, she will move rapidly 
now her progress has begim, and will soon occupy the position 
to he expected from the natural freedom and independence of 
the American mind. It need hardly be saidj that in America as 
in Europe, such contest as arises from time to time between 
religion and science has its origin entirely from the side of 
religion. There, as here, religion (so-called) attacks and de- 
nounces discoveries inconsistent with the views which the orthcH 
dox had been accustomed to advocate ; and there, as here, when 
there is no longer any clioice, the orthodox quietly accept these 
discoveries as established facts, expressing a naive astonishment 
tlmt they should ever have been thought in the least degree in- 
consistent with received opinions. 
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ri^O the casual observer of a balloon which floats away from 
X his presence into the dim distance, amidst the cheers of 
the crowiJ, and from thence into the solitude of an iotiiiite 
jspaoe, it is kiid to believe that its utility is doomed to the 
limit of mere flotation. He thinks that there is either an 
immense amount of apathy or else a lamentable display of 
ignorance amon^ mecluinical minds which prevents their eDer^ 
gies being concentrated upon the navigation of the baUooi 
This is of comae the popular judgment, yet it U only parliaO] 
erroneous- The late Franco- German war aflbrded an oppor^ 
tunity for energy and engineering eapahilitie^, and vv© knof 
something of what 1)allouns are capable, though perhaps no^ 
the uttermost, especially when accompanied by unlimited tsx 
penditure. The termination of the war iuterfered with cer 
tain designs, for the accomplishment of whicli 51, de Fonviel] 
had e?K;aped from Paris in a balloon. A^ he was the chief « 
the Aeronautical Department ^ he hoped to collect at Lilla all^ 
the balloons which had left the French metropolis, and he him* 
self came to England with the object of consulting as to the best 
means of aiding the return journey. 

When the armistice was concluded six Imlloons had heCEn 
collected at I^ille, waiting for a favourable wind. By the aid 0f_ 
a small propelling force M- de Fonvielle believed that* startio 
with a fair windj he woidd be able to deviate a few degrees fron 
the current if necessary. It is highly prolmble that the retii 
would have Ijeen effected, as Paris was the centre of a circle < 
investment of twenty milL*d diameter, \Mth a favourable win 
a sailor nanaed (rally, with thrtn.-^ others, left Paris on Nov, Vd 
with the intention of reaching Bordeaux, and they desoeudt: 
at Gondrerillc, near Bordeaux^ 

There is an anomalous incidence connect^ with the subje 
^Vrhlch would seem to favour the advocates of balloon pro^ 
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sion, viz., that although water ia about 800 timea denser than 
air, yet the rarer atmosphere is capable of supporting the heavy 
bird, whilst the fish is about the same density as the element 
which it inhabits- They forget, however, that the currents to 
which the denser elements are liable, and with which the fish 
can cope with ease, are limited to eight, or at most to ten miles 
an houTj but where might the balloon be in a similar period ? 
Possibly eighty miles away> Let ns suppose a boat under the 
same conditions as often appertains to a balloon, viz. in a 
current of twenty miles an hour. The river, let us aay, is five 
miles across^ and we can propel our boat at the rate of five mUes 
an hour, as M, Dupuy de Lome has lately accomplished in 
France with a balloon. The boat is accordingly propelled to the 
other side in one hour, but in that time it has drifted twenty 
miles down stream. 

Now by powerfid machinery it is just possible to propel a 
rigid construction like a boat against such a current with per- 
fect impunity, but to attempt the same thing with a balloon is 
an abandonment of all scientific principles. Any attempt to 
force the balloon unnatinally into the condition of the boat 
must be made at the risk of a burst-up. 

In the case of the boat, the thrust of the propeller is in the 
mme line with the centre of gravity and displacement. In the 
case of a balloon the propeller works from a pendant car con- 
siderably below the centre of displacement. 

If it were possible, therefore, to propel the balloon at a rate 
which bore a more suitable proportion to the force of the cur- 
rents to which it is liable — let us say at the least twenty-five 
miles an hour— we may, without travelling with it to note the 
effect, just imagine the balloon anchored to the groimd from 
the car, and a wind of twenty-five miles an hour blowirg again s^t 
it, which is precisely the same thing. The balloon would be 
forced into an inclination of about 60° out of the perpendicular. 

The dimensions of a balloon intended to carry a propeller 
with the men or machinery to work it, coidd scarcely be less 
than 60 feet in height by 50 in breadth, and taking the mean 
it would be equal to a sphere whose largest section would con- 
tain about 2,372 square feet. If we take two-thirds of this, 
viz, 1,581 square feet — because remember that it is a compres- 
sible sphere — -we shall obtain a surface upon which the whole 
force of the wind at twenty-five miles an hour will be expended i 
and at that rate, by Rouse and Smeaton's tables, the pressure 
upon each square foot exposed would be 3 "07 5 lbs,, equal to a total 
force of 4,861 lbs,, or upwards of two tons. We find, there- 
fore, the pressure to which a balloon of that capacity woidd be 
escpoBed were a motive power furnished capable of propelling 
such a balloon at twenty-five miles an hour ; and we learn alao 
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the angle of melination wUob the car would aisume relative 
the halloon, the oar in this case baiogm advance. Of course 
mare suitable shape of the ballooii would modify these eondt 
tJoQs, but only to produce other element of difficulty wliich 
cannot be overcome. For instance, as we depart &om 
Bpherical shape of the gas-holder the buoyancy deoreaaee 
its weight increases ! And particularly if some elongated form 
be constructed with conical or cigar-shaped ends, fien etnits 
must be employed to presen*e its shape, and the extra weight 
to be thus sustained requires a balloon of such gigantic dimen- 
sions that, merely to inflate it, involves a cost quite out of pro- 
portion to any attainable result* No conditions except the 
exigencies of warfare would warrant the neceasary expendi- 
ture. If any such conditions should ever attach to us as a 
nation, doubtless English talent will be equal to the emergency, 
Also if it be found desimble to escape from any besieged placi 
there will always be found sufficient of English body-Unei 
both male and female^ for the whole population to float awa; 
though perhaps in a makeshift manner. 

The apparent anomaly before alluded to, of the lighl 
element and the hea\y bird — the denser element and, by coi 
ixirison, the light fish — ie capable, however, of explanation, and 
its consideration will assist us in determining the concli 
at which the Aeronautical Society has arrived, viz* that fligW 
is purely a mechanical action capable of imitation ; that it 
Tmassifited by air-cells or other contrivances for effecting levit; 
and that the balloon is incapable of being rendered usefnl 
man as a means of locomotion, except in the way of wa3 
and that this mode of progression in relation to the earth 
capable of being materially assisted by some method of raisini 
or lowering the balloon at pleasure, without loas of gai 
ballast. 

Let us suppose that the fish bears the same proportion 
weight to its elemental medium as does the bird to the air* 
Judging from the faut that birds have been obsen^ed when sliot 
to sink half their bulk in water, they may be taken to be about 
half the weight of water, and therefore they are about 400 times 
heavier than the bulk of air which they displace. If, then, the 
fish were equal in weight to the heaviest material of which we 
know, viz^ platinum, it would stiU be light in comparison to 
the bird in the air. For instance, a cubic foot of platimuzi 
weighs 20,000 02s; one of water weighs but 1,000 om» 

We have estimated the bird as being half the weight 
waterj equal to 500 ozs- the cubic foot, whilst one of air is onl;^ 
abcmt 1'285 ozs. Therefore the instant fall of the fish to the 
bottom could only be prevented by such appendages as wingii 
and the facility to manipulate them, which, however, the denaitv 
of the element In which they exist entirely precludes. ] 
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The fiab, then, would fall to the bottom like a lump of 
platinum without the ability to rise- It is the bird without 
wings, for the same thing would happen to the bird, did it not 
possess the ability to convert the force of gravitation into hori- 
zontal force by the mauipulation of its wing surfaccj for it 
thereby covers and controls the weight of air^ which in a givea 
time is included, and passed over, within the breadth of th& 
wing-tips. If necessary, gravitation may be still further 
diverted by the impact of the wing upon the air, because the 
resistance of the air bears a certain accelerated proportion tt> 
the rapidity witL wliich it ia displaced. This fact, so impoitaut 
to the hopeful student of aeronautics, is simply illustrated by 
the alternately slow and rapid wa\'ing of any light plana sur- 
face, such as a fan. 

We have seen, then, that the fact of the specific gravity of 
the fish, and that of the element in which it disports itself, being- 
nearly the same, presents no encouragement to the employment 
of the balloon as a means of locomotion, but it does afford 
encx>un^ement for the adoption of the only suggestion made in 
its favour by the Aeronautical Society, because the fish posse^es 
the power, within a narrow limit, of making itself lighter or 
heavier, and this is just the quality which we desire for th@ 
balloon, but to which, independently of throwing out ballast^ 
or parting with gas which cannot be replenished, we have not 
yet attained, 

In this direction, therefore, lies the one improvement of 
which the balloon is capable, viz* the means to secui^e its ascent 
and descent without expenditiure of gas or ballast. 

The power required to raise a mass which already possesses 
buoyancy is very slight compared with that which is reqidsite 
to propel against a resistant atmosphere- The effect also of 
the more simple power would be incomparably greater, because 
upon the supposition that a balloon required an additional 
power of 20 lbs, beyond the gas with which it is inflated to raise 
it into the air, the application of a slight mechanical arrange- 
ment would clear it from all obstnictions and bring it under 
the influence of another power, viz, the air in motion which 
would give it horizontal direction, and if that direction is not 
the one desired, it might raise it in gearch of another. The 
cessation of the mechanical action would also bring it down to 
the ground- Apply this power equal to 20 lbs, to a propeller 
working horizontally, and its inadequacy to effect any satisfac- 
tory result in a direct line becomes apparent. In comparison 
with the space to be travelled, the rate at which propulsion 
could be attained would be utterly insignificant. 

Here let the imagination have a little play. For purposes of 
enjoyment it is not necessary to mount into the clouds. Our 
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aerial jacht requires but to skim the trees and buildings. Wjifted 
across the wide expaiiBe, it may skim the fidds and rise to tho 
hedges- With an envelope more impervious to the eficape of ga% 
tlie voyage may be prolonged. Floating day after day, at tlie 
caprice of the wind certainly, hut always over fresh seenery, 
nothing could be more enjoyai>le. 

During these excursions it would be poasible to renew the 
gas by proximity to some gas works, and not seldom it might 
happen that, by waiting for it at anchor, a favoumble wind 
might influence a return journey. It may here be remarked 
that any mechanical means euch m a screw acting vertienlly in 
the car of a baUoon, capable of exerting a force of thirty-fire 
pounds, would save one thousand cubic feet of gaa. 

It was intended by the society which I represent to try the 
effect of the screw acting vertically upon a bdloon, but in the 
meantime the War Office authorities were induced to give a 
trial to the inventor of a screw by which he hoped effectually to 
propel the Imlloon, He was induced to attach also an arrange- 
ment which acted vertically* The following is an extract from 
Captain C. Orde Browne's article, published in the "Popular 
Science Review^ for October 1874, 

"The difficulty of ascertaining exactly when a captive liallooii 
in balanced, when even a elight wind is blowing, so a^ to 
stretch the retaining rope, made the first trial a little doubtful ; 
and after one ascent, apparently due to the working of tl 
propeller, a doubt arose as to the exact balance of the balk 
which might have a tendency to rise, and only have been he 
down by the captive line, which, except at very still motneai 
was pulled taut by the wind acting on the balloon* It beb 
ascertained at a still interval that the balance was g^»od, tl 
vertical gear was worked^ and the balloon again rose. The i 
of ascent was difficult to estimate ; it was judged^ however, noti 
to exceed fifty feet a minute. A positive indication of th^ ' 
power of the propeller was thus obtained, and it should be 
noticed that the circumstaoces — If the rate of ascent only wit 
measured — were rather disadvantageous, for the weight of the 
line up to the extent of forty feet was gradually added to 
lialloon as it rose. Had the mean rate of ascent and de 
lieen taken, this en^f would be eliminated, for the descent wonlll 
be favoured by the weight of the rope from forty feet in lengthj 
at the maximum height, down to nothing at the ground," 

The balloon was now lilicrated, and the report goes on to eqri 
" The horijwntal gear, however, throughout the entire voj 
failed to give any satisfaciory result* ; even allowing 
eJftct was perceptiblei it is impossible to lay much stream i 
Any force would give a perceptible effect if recorded 
sufficient delicacy* There is no use in an insignificant 
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unless it can be shown that means exist by which it could be 
increased sufficiently to bear a reasonable relation to the forces 
to which it is to be opposed." 

Therefore the experiment which the society had advocated 
for several years, and which it had at last determined to adopt, 
having proved successful under disadvantageous circumstances 
when tried by others, the apparatus ordered was countermanded. 
The opinion which had been expressed also in the various 
reports issued by the society as to the inutility of any screw 
apparatus for effecting horizontal propulsion was confirmed. 

It is singular that no one has taken advantage of an ascer- 
tained fact to put the balloon to more pleasurable, because more 
prolonged use, than has hitherto been attempted. For instance, 
let us consider the mode of propulsion adopted in a punt — a 
clumsy kind of boat, which may often be seen moored in the 
Thames, in mid-stream, with harmless old gentlemen seated 
therein, alluring gudgeon. Well, these punts are cleverly 
managed with a long pole. In a rapid stream, should the 
punter wish to go with it, he has nothing to do but to keep it 
off from the bank, under the full influence of the stream ; and 
there is every probability that with a balloon so balanced a push 
with a long pole would send it up spinning for fifty feet or more, 
and one might traverse a few hundred yards before it neared 
the earth and required another push. The distance traversed 
between each push would of course depend upon the velocity of 
the air current. It is evident that no ballast is necessary under 
such conditions, therefore the absence of that would allow of 
reduced size of balloon. All this, however, is simply waftage. 

It is believed by some that the screw may yet serve a more 
useful purpose than that of the translation of a merely buoyant 
body. By muscular effort alone all that has been done by the 
power of one man has been the raising of 26^ lbs. weight. 

There has latterly been a more ambitious attempt, involving 
the expenditure of several hundred pounds of money. 

It resulted from the experiments which the Aeronautical 
Society instituted with a view to record for the benefit of inven- 
tors the exact lifting pressure due to the wind advancing against 
a plane inclined towards it at different angles. These experi- 
ments, which took place at Messrs. Penn's factory, at Greenwich, 
were conducted by several well-known members of the council, 
and it was well understood at the time that if the results gave 
no encouragement for the attainment of success in utilizing the 
air as a highway, the society should be dissolved. 

Accordingly an instrument devised by Mr. Wenham was cor 
structed by Mr. Browning for the before-mentioned society^ a 
submitted to a powerful blast from a fan-blower ten feet ] 
by eighteen inches square. 
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The direct pressure upon oce foot square of g^ieel plati^ ^H 
the blast- acting at right angles to the plate^ was 3'24 lbs., wU^ 
according to Eotise and Smeaton^ tables, evidences a wind 
velocity of about tweuty-five miles an hour. The same plate in- 
clined at au angle of 15* from the horizontaU received a direct 
pressure of only 0"33 lbs., acconapanied by a lifting pressure of 
1/5 lb. There were various inclinations and different areas tried, 
but there is no need here to go fidly into the tabulated lesidts. 
It will be suiEcient to say that a plane of one square foot, 
impelled at an angle of 15* against air moving at the rate of 
about twenty-6ve miles an hoiu*, will support a weight of miB 
pound and a half, whilst it will only meet with a resistance 
its forward motion of five ounces and 'a quarter, althougb 
course there would have to be added to this the resiBtanee di 
to the form in which the weight is disposed- A less angle th: 
15"* could not be tried owing to some obstruction in the 
action of the instrument, but the experiment shows very great lift- 
ing force in proportion to the power which requires to be e^cpeuded 
in the propulsion of the plane. It shows also that the ratio 
the lift to the thrust greatly increases as the inclination d 
ishes, whilst the force to propel is equally lessened, and thus 
sustained flight of birds, often with motionless wings, is in 
part accounted fon There e3dsts also another circumstance 
which is favourable to the extension of the sustaining surface, 
viz, that the lifting power Telative to the square foot iuereaaes 
in some yet unknown ratio with the exteut of siirfacse e 
upon the principle which has been ascertained that the raoi 
the total area of a ship's sails is cut up into portionsj the leas 
effect. 

Such fundamental experiments accord with the legitimati 
duty of the society to which I have the honour and pleasnn 
to act as honorary secretary* It is left to the spoutimeotift 
efforts of individual members to work up to the data thii 
established. 

Upon such men, whilst the world generally look withi 
amused pity, the eyes of a cautious and watchful few 
fixed, ready to take advantage of the first hopeful result II 
is my earnest hope that the society will stand between meh 
men and injustice at the time of th© general scramble for 
pecuniary recompense. 

It will be the place here to allude to the late and very 
expenpive attempt of Mr. Thomas Moy to construct an appa- 
ratus by means of which, in his trials in order to obtain a ful- 
crum upon the air, he practically tested the correctness of the 
hc^n brought out and tabulated/ 

Mr. Moy was an exhibitor at the Exhibition of the Society 
at the Crystal Palace in the year 1868. For some purpose oir 
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anotlier, ignoring Mr- Stringfellow^s light engine, wbict then 
gained the prize^ he commenced to design another which he 
deemed more suitahle for his object. This was to ai^tuate four 
driving-wheels, ten inches in dianaeter, to act in their turn 
upon two aero-plane wheels, six feet in diameter, by frictional 
gearing on the periphery. The aero-plane wlieela had eacli 
twelve light wooden planes fitted to them, something like the 
screw-propeller, but with the important difference that the 
pitch was variable at every portion of the revolution. His 
theory was, that the action of these planes in their revolution 
through the air was a perfect mechanical imitation of the 
action of a bird's wing in the various positions that its surface 
assumes during the progress of flight, giving, as it does, an 
upward and forward thrust continually, without any downward 
force from the air on any of the aero-planes. The whole 
apparatus was placed upon wheels. 

The steam-erjgine was contained in a case 27 inches by 27 J 
inches by 7| inches. The diameter of its cylinder was 2 J 
iuches, length of stroke S inches. The generating tubes con- 
tained a surface of eight square feet, and in these tube^ the water 
circulated with very great rapidity, and thereby utilised the 
he^t in the very best manner. There was literally no framing 
to the engine itself, as the driving-a3de ran in a tube which 
passed through the steam-cheiit. The steam was cut otf at 
half-stroke by the slide-valve, and with a pressure of from 120 
to 160 lbs. to the square inch, and 536 revolutions per minute, 
it might fairly be called a 3-horj-e-power engine. The fuel 
used was methylated spirits imder pressiirej which produced 
blow-pipe flames. 

With regard to the form of the so-called '^ aerial steamer," 
which was tried in March 1874, we may say that the engine 
was fijced about four feet from the ground, on a framework which 
also held the lamps. Other frames, extended from this on eacli 
side, take the axles of the 6-feet driving-wheels. These axles 
were 3 feet 3 inches in length and 1^ inch in diameter, made 
of drawn brass tube, and very light and strong* An aero-plane 
of 50 square feet surface vmB fitted in front, and one of 64 

fgquare feet behind* 

I These were inclined at an angle of 10"* from the horizontal ; 
and jMx. Moy calculated that if the whole could be driven on the 
ground at thirty-five miles an hour, it would encounter a pressme 
from the atmosphere sufficient to support the whole weight of 
the machine, which amounted with its engine, fuel, Ac, to 
214 lbs. The driving-surface of the revolving aero-planes was 
equal to 60 square feet. 

Before running the "aerial steamer'* round the central 
fountain at the Crystal Palace, Mr* Moy took steps to test the 
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correctness of the principle Tjpon which he had been workingJ 
guided by the experiments undertaken by the Aeronautical' 
Society- If the old theory was correct, he argued, the lifting 
pressure on the planes would only amount to a few ounces per 
square foot ; if the new theory was correct, the pressiu'e woidd 
far exceed that of the old. It turned out that the old iheary 
wa5? wrong, and the reliability of the recent experiments vms 
confirmed. The T&^olvm^ planes having been set at an ang:Id 
-ei lo"*, the pressiu-e was found to be exactly one poimd to tha«| 
fcquare foot at a speed of twenty miles an hour ; and with the 
angle set at 45°, the pressiire was l^ib* to each square footj 
The success of the ulterior experiment, therefore, all depended 
iipon whether he coidd obtain a sufficient speed upon th^ 
groimd to avail himself of the lifting-pressure due t^ the 
angle of inclination. 

The fountain had a path round it. The diameter of the 
circle was 300 feet, A pole was erected in the eentre, from tb€ 
top of which two cords were attached, one to each end of tlie 
machine. Though the gravel had been rolled, the action ot 
the machine under steam was so rough and unsteady that the 
experiment had to be abandoned until a suitable road could 
constructed. 

This was eventually eflfect^d with 8,000 square feet of 
boarding, lent by the Crystal Palace authorities, when, after 
its occupation for some time by the snow, the roadway waa 
ready for a further trial. Instead, however, of the necessaiy 
sipeed being attained, viz, thLrty-three miles an hour, it w»s 
only possible to get about twelve, so that it was felt as &J 
matter of regret that arrangements had not been made to rnttj 
it upon a stmight line of railway. The wheels, fitted for for- 
ward motion only, offered great resistance to running roimd ^^ 
circle. 

This machine, however, weighing nearly two cwt,, was tm?-| 
pelled roimd a circle at twelve miles an horn- by the pressure' 
of two aero-plane wheels working in the air, an achievement I 
believe to be quite imprecedented. 

This first start from the ground has always presented great 
difficulties to the experimenter in aeronautics. Theory haJ 
generally favoured the incline as the readiest mode of acooo^ 
pHshing the object, but it is certain that unless there is 
sufficient to raise the weight, safety in controlling the de 
under exceptional circiunstances cannot be seciured, as the^ 
parachute form would b© out of character in any machinai 
designed for rapid transit through the air. In the difficulty ts 
which Mr. Moy foimd himself, it was natural that he 
turn to the vertical screw. 

In the report uf the Aeronautical Exhibition in 1868, drawn 
up by Mr. Weiibam, the following paragraph appeare : — ^^ 
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^^ Though we are still without a precise demonstration of 
the power required for flight in the way that a bird flies, the 
force to TnaJTitain which, in some species, must be veiy small, 
]^et we have some evidence of the power required to lift a 
weight in the air by means of vertical screws. By this 
method it has been demonstrated that 100 pounds may be 
supported by a constant force of about 90,000 foot-pounds, or 
three horse-power. 

^^Now, in the work of Mr. Stringfellow, the society has 
brought out the remarkable fstd that a one-horse power 
engine can be made to weigh only 13 lbs., thus showing the 
possibility of obtaining flight by the repudiated system of 
vertical screws, even with the enormous expenditure of power 
that this plan is known to require.'' 

In order to ascertain what actual lifting power could be 
obtained with planes moving in horizontal orbits, !Mj. Moy 
constructed new aero-plane wheels, 12 feet in diameter, with 
twelve planes to each wheel, the whole presenting 160 square 
feet of siir&ce, driven by a steam-engine weighing 80 lbs. By 
placing the whole acting surface on these two wheels, an in- 
teresting experiment was carried out. 

It was palpable, however, that from the conditions of the 
actual trial the ftdl lifting-power due to the surface, angle, and 
velocity could not be hoped for. These revolving planes were 
travelling all the time in one circle. They had not the advantage 
of obtaining an abutment upon a previously undisturbed body 
of air. The experiment was in an enclosed part of the build- 
ing. Great part of its power was expended in drawing down- 
wards a body of air. The whole weight of the machine was 
186 lbs. Levers were attached to the spindle of the aero- 
plane wheels, which were weighted to take off all over 120 lbs. 
This latter weight was raised from the floor — according to the 
independent testimony of Captain Greenfield, of the Boyal 
Artillery — as much as six inches under one aero-plane, and two 
inches under the other, this inequality being due to one wing- 
plane having broken. 

The engine, therefore, was proved capable of raising itself, 
and 40 lbs. additional weight, under great disadvantages. The 
revolutions of these two 12-feet aero-planes were sixty-seven 
per minute. 

The preparations for the experiments, which have here so 
easily been summed up, occupied winters and summers. Ke- 
peated breakages, renewals, strengthenings, re-construction, re- 
adjustment, both in engine and* apparatus, testify to the 
patient perseverance of the inventor, and those associated with 
him. And though lastly mentioned, yet by no means the least, 
was the constant leakage of the not too auriferous money- 
bag. 
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This, however, is the common lot. The situation can only 
be estimated by the spectator — such as I am— of many abortive 
attempts. 

My space is consumed before my pen has run dry, else I 
might adduce some more reasons why such earnest workers in 
the solution of the profoimdest problem which ever absorbed 
the brain-power of aspiring man should be encouraged by tho 
wealthy to gq»on and progress in Aeronautics. 
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THE PABALLEL KOADS OF GLEN EOT. 

Br PEoF^aoR TYNDALL, D.C-L., LL.U, F.R*S,, ^c. 
[PLATE CXLl,] 



THE first published allusion to the Parallel Roada of Glen 
Koy occurs in the appendix to the third volume of Pennant's 
**Tour in Scotland," a work published in 1776. "In the face 
of these hill^j" m^'^ this writer, ** both sidea of the glen, there 
are three roads at small distances from each other and directly 
opposite on each side. These roada have been measured in the 
complete parts of them, and found to be 26 paces of a man 5 
feet 10 inches hi<j;h. The two highest are pretty near each 
other, about 50 yards, and the lowest double that distance from 
the nearest to it. They are carried along the sides of the glen 
with the utmost rcgukrityj nearly as exact as drawn with a line 
of rule and compass/* 

The correct heights of the three roads of Glen Roy are 
respectively 1,150, 1,070, and 860 above the sea. Hence a 
vertical distance of 80 feet separates the two highest, while the 
lowest road is 210 feet below the middle one. 

These " roads '* are usually shelves or terraces formed in the 
yielding drift which here covers the slopes of the monn tains. 
They are all sensibly horizontal, and therefore parallel. Pen- 
nant accepted as reasonable the explanation of them given by 
the country people, who thought *' they were designed for the 
chase, and that the terraces were made after the spots were 
cleared in lines from wood, in order to tempt the animals into 
the open paths after they were rouzed in order that they might 
come within reach of the bowmen who might conceal themselvea 
in the woods above and below," 

In these attempts of *'the country people" we have an 
illustration of that impulse to which all scientific knowledge jb 
due—^the desire to know the causes of things; and it is a 
matter of surpriae that in the case of the parallel roads, with 
their weird appcaTanea challenging inquiry, this impulsed'* 
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Dot make itself more rapidly and energeticallj felt. Their. 
remoteness may perhaps account for tbe fact that until thi 
year 1817 no gystomatic description of them, and no scientific 
attempt at an explanation of them, appeared. In that year DrJ 
MacCullochj who was then President of the Geological SocietyJ 
presented to that Society a memoir, in which the roads were 
discussed, and regarded as the margLUs of lakes once embosomed 
in Glen Roy* 

To Dr. MacCulloch succeeded a man, possibly not eo learned 
as a geologist, but obviously fitted by nature to grapple with 
her facts and to put tliem in their proper setting, I refer to_ 




AfUr a Bkelck hy Sir Thomas Bkk'L&udet. 



Sir Thomas Dick- Lauder, who presented to the Royal BociHjf 
of Edinburgh, on the 2nd of March, 1818, his paper oo tha 
Parallel Roads of Glen Koy, In looking over the literature ot\ 
this subject, which is now copious, ifc is interesting to obsen'e 
the differentiation of minds, and to single out those who went 
by a kind of instinct to the core of the question, from the 
who erred in it, or who learnedly occupied themselves with it 
analogies, adjuncts, and details. Tliere is no man, in mj 
opinion, connected with the history of the subject, who 
ihown^ in relation to it, this spirit of penetration, thia ffi* 
of j^cientiBc insight^ more conspicuously thun 8ir Thonair 
Lauden Two distinct mental processes are involvec" 
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i^eatment. Fifstly, the faithful and sufficient observation of 
the data ; and, secondly, that higher mental process in which 
the constructive imagination comes into play, connecting the 
separate &cts of observation with their common cause, and 
weaving them into an organic whole. In neither of these 
requirements did Sir Thomas Dick-Lauder &il. 

Adjacent to Glen Roy is a valley called Glen Gluoy, along 
the sides of which ran a single shelf, or terrace, formed obvi- 
ously in the same manner as the parallel roads of Glen Roy. 
The two shelves on the opposing sides of the glen were at pre- 
cisely the same level, and Dick-Lauder wished to see whether, 
and how, they became imited at the head of the glen. He 
followed the shelves into the recesses of the moimtains. The 
bottom of the valley, as it rose, came ever nearer to them, until 
finally, at the head of Glen Gluoy, he reached a col, or water- 
shed, of precisely the same elevation as the road which swept 
round the glen. 

The correct height of this col is 1,170 feet above the sea. It 
is therefore 20 feet above the highest road in Glen Roy. 

From this col a lateral branch-valley led towards Glen 
Soy. Our explorer descended from the col to the highest road 
in that glen, and pursued it exactly as he had pursued the road 
in Glen Gluoy. For a time it belted the mountain sides at a 
considerable height above the bottom of the valley ; but this 
rose as he proceeded, coming ever nearer to the highest 
fihelf, imtil finally he reached a col, or watershed, looking into 
Glen Spey, and of precisely the same elevation as the highest 
parallel road of Glen Roy. 

He then dropped down to the lowest of these roads, and fol- 
lowed it towards the mouth of the glen. Its elevation above 
the bottom of the valley gradually increased ; not because it rose, 
but because it remained level while the valley sloped down- 
wards. He found this lowest road doubling round the hills at 
the mouth of Glen Roy, and running along thfe sides of the 
mountains which flank Glen Spean. He followed it eastward. 
The Spean Valley, like the others, gradually rose, and therefore 
gradually approached the road on the adjacent moimtain-side. 
He came to Loch Laggan, the surface of which rose almost to 
the level of the road, and beyond the head of this lake he 
found, as in the other two cases, a col, or watershed, of exactly 
the same level as the sinj^le road in Glen Spean, which, it will 
be remembered, is a continuation of the lowest road in Glen 
Boy. 

Hcze we have a series of facts of obvious significance as 

f solution of thin question. The effort of the mind 

image from such facts, might be compared 

e eyes to cause the pictures of the stereo- 
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scope ta coalesce. For a time we exercise a certain stmn, the 
object remaioiDg vague and indistinct. Saddenly its variou 
parts seem to run together, the object starting forth in cle 
and definite relief. Snch, I take it, was the effect of his ponder- 
inge upon tbe mind of Sir Thomas Diek-Laudejv His solution 
was this ; Taking all their features into account^ he was con- 
vinced that water only could have produced the terraces. He 
eaw clearly that, supposing the mouth of Glen Grluoy to be 
stopped by a barrier, if tbe water from the mountains danking 
the glen were allowed to collect , it woidd form behind the 
bftnier a lake, the surface of which would gndnslly rifie until 
it reached the level of the col at the bead of the glen. The 
rising would then cease ; the superfluouB water of Glen Gluoy 
discharging itself over the col into Glen Roy. As long as the 
barrier stopping the mouth of Glen Gluoy continued, wc should 
have in that glen a lake at the precise level of its shelfi which 
lake, acting upon the loose drillt of the flanking mountains^ 
would actually form the shelf revealed by observation. 

So much for Glen Gluoy* But suppose the mouth of Glen 
Eoy also stopped by a barrier sufficiently high, Beliind it, the 
water from the adjacent mountains would collect. The surface 
of the lake thus formed would gradually rise, until it bad 
reached the level of tbe col which divides Glen Koy from Gkn 
Spey* Here tbe rising of the lake would cease ; its auperabun- 
dant water being poured over the col into the valley of tba 
Spey. This state of things would continue as long m the 
barrier remained at the moutb of Glen Roy. The lake thi 
dammed in, with it^ surface at the level of the highest parallei] 
road, would act, as in Glen Gluoy, upon the friable drift over 
spreading tbe moun tains, and would form the highest road 
terrace of Glen Roy. 

And now let us suppose the barrier to be so far remove 
from the mouth of Glen Roy as to establish a connection between 
it and the upper part of Glen Spean, while the lower part 1 
of the latter glen continued blocked up. Upper Glen Spean 
and Glen Roy would then be occupied by a continuoiiB 
lake, the level of which would obviously be determineni by the 
col at tbe head of Loch Jjaggan. The water in Glen Roy would 
sink from the level it had previously maintained, to the level ol 
its new place of escape* This new lake-surface would corre 
pond exactly with the lowest parallel road, and it would fortxi| 
that road by its action upon the drift of the adjacent moun* 
tains. 

In presence of the oljservcd facts, this solution comr 
itnelf strongly to the scientific mind. The question next ocC 
What was the character of the asaumed harrier which stopjM 
' glens ? There are at the present moment vast ma^ei of 
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detritus in cert^iin portiona of Glen Speao, and of Buch detritus. 
Sir Thomas Dick-Lauder imagined his harriers to have l>eea 
fooaed. By some unknown convulsion, this detritus had been 
heaped up. But, once given, and once granted that it waii 
subsequently removed, the single road of <>len Gliioy and the 
highest and lowest roads of Glen Eoy would be explained in a 
satisfactory manner. 

To account for the second or middle road of Glen Hoy, Sir 
Thomas Dick-Lauder invoked a new agency* He Bupposed that 
at a certain point in the breaking down or waste of his dam, a 
halt occurred, the barrier holding its ground at a particular 
level sufficiently long to dam a lake rising to the height of, 
and forming the second road, Thi^ point of weakness was at 
once detected by JVIr, Darwin, and adduced by him as proving^ 
that the levels of the cols did not constitute an essential feature 
in the phenomena of the parallel roads. Though not destroyed^ 
Sir Thomas Dick-Lauder*s theory was seriously shaken by this 
argument, and it became a point of capital importance, if the 
facts permitted, to remove such source of weakness. This wast 
done in 1847 by Mr, David Milne, now Mr* Milne-Home, On 
walking up Glen Roy from Koy Bridge, we pass the motxth of a 
lateral glcn, called Glen Glaster, running eastward from Glen 
Jioy* There is notliing in this lateral glen to attract attention, 
or to suggest that it could have any conspicuous infiuence in 
the produetion of the parallel roadti. Hence, I think, the 
failure of Sir Thomas Dick-Lauder to notice it- But Mr. 
Milne-Home entered this glen, on the northern side of whiclt 
the middle and lowest roads are fairly shown. The principal 
stream running through the glen turns at a certain point north- 
wards and loses itself among hills too high to offer any outlet. 
But another branch of the glen turns to the eouth-east; 
and, following up this branch, Mr. Miln&-Home reached a col, 
Di watershed, of the precise level of tlic second Glen Koy Road. 
When the barrier blocking the glens had been so far removed 
as to open this col, the water in Glen Roy would sink to the 
level of the second road. A new lake of diminished depth would 
be thus formed^ the surplus water of which would escape over 
the Glen Glaster col into Glen Speau* The margin of tliianew 
lake, acting upon the detrittd matter, woidd form the second 
road. The theory of Sir Thomas Dick-Lauder, as regards the 
part played by the cols, was re^rivetted by this new and xm- 
expected ditscovery, 

I have referred to Mr* Darwin, whose powerful mind swayed 
for a time the convictions of the scientific world in relation to 
this question. His notion was— and it is a notion which very 
naturally presents itself — that the parallel roads were formed 
by the sea ; that this whole region was once submerged and 
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paij^s in the pro 
iipheaval, during which these glens constituted so manT fionl% 
on the sides of which the parallel ten-aces were formed- Thf 
theory will not bear close criticism ; nor is it now maintaim 
by Mr, Darwin himself. It would not account for the sea being 
20 feet higher in Glen Gliioy than in Glen Roy. It would not 
account for the absence of the second and third Glen Roy roads 
from Glen Ghioy, where the mountain flanks are quite 
impressionable as in Glen Roy. It would not account for t 
absence of the Rbelves from the other mountains in the neigh- 
bourhood, all of which would have been clasped by the sea had 
iihe sea been there. Here then, and no doubt elsewhere, Mr. 
Darwin has shown himeelf to be Mlihle ; but here, as elsewher 
he has shown himself equal to that discipline of surrender 
evidence which girds his intellect with unassailable mor 
strength , 

But, granting the significance of Sir Thomas Dick-Lauder 
facts, and the reasonableness, on the whole, of the views whic 
he has founded on them, they will not bear e]£amination 
detaih No such barriers of detritus as he asBtuned could haf 
existed without leaving traces behind them ; but there is 
trace left. There is detritus enough in Glen 8pean, but na 
where it is wanted* Tbe two highest piuaUel roads std 
aliruptly at different ptiints near the mouth of Glen Koy, but i 
remnant of the barrier against which they abutted is to he geet 
It might be urged that the subsequent invasion of the valley ' 
glaciers has swept the detritus away ; but there have been : 
glaciers in these valleys since the retreat of tbe lakes. Profess 
Geike has fiivotired me with a drawing of the Glen Hpean 
near the entrance to Glen Trieg. The shelf forms a belt rouiM 
a great moimd of detritus which, had a glacier followed tbe foi^ 
mation of the shelf, must have been cleared away. Taking al 
ihe circnmatanccs into account, you may, I think, with sa^t]| 
dismiss the detrital barrier as incompetent to account for ti 
present condition of Glen Gluoy and Glen Roy. 

Hypotheses in science, though apparently transcending ejiperi^ 
^nce, are in reality experience modified by scientific thotigb~ 
and pushed into an ultra experiential region. At the time tha 
he wrote. Sir Thomas Dick-Lauder could not possibly hav^ 
assigned the cause subsequently assigned for the blockage 
these glens. A knowledge of the action of ancient glaciers wat] 
the necessary antecedent to the new explanation, and experienu 
of thisnatme was not possessed by the distinguished writer ju^ 
mentioned. The extension of Swiss glaciers far beyond thi^i 
present limits was first made known by a Swiss engineecij 
named Venetz, who established, hy the marks they had lefl 

^ind, their former existence in places which they had long 
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forsaken- The subject of glacier extension was eiibsequently 
followed up with distinguished success by Charpentier^ Studer, 
and others. Agassiz grappled with it with characteristic vigour, 
extending his evidences far beyond the domain of Switzerland, 
He came to this country in 1840, and found in various places 
indubitable marks of ancient glacier action. England, Scotland, 
Wales, and Ireland he proved to have once given birth to 
glaciers- He visited Glen Roy, surveyed the surrounding 
neighbourhood, and pronounced, as a consequence of his investi- 
gation, the barriers which stopped the glens and produced the 
parallel roads to have been barriers of ice. To Mr. Jamiesou, 
above all others, we are indebted tor the thorough testing and 
confirmation of tliis theory. 

And let me here say that Agassiz is only too likely to be 
miBrated and misjudged by those who fad to grasp in their 
totality the motive powers invoked in scientitic reseaich. He 
lacked mechanical precision, but he abounded in that force and 
freshness of the scientific imagination which in some science?, 
and probably in some stages of all sciences, are essential to the 
creator of knowledge. To Agassiz was given, not the art of the 
refiner^ but the instinct of the discoverer, and the strength of 
the delver who brings ore from the recesses of the mine. That 
ore maj' contain its share of dross, but it also contains the 
precious metal which gives employment to the refiner, and 
without which his occupation would depart. 

Let ns dwell for a raoment upon this subject of ancient 
gLaciers, Under a flask containing water, in which a thermo- 
meter is immersed, is placed a Bnnsen's lamp. The water is 
heated, reaches a temperatm^e of 212'*, and then begins to boil. 
The rise of the thermometer then ceases, although heat con- 
.tinues to be poured by the lamp into the water. What becomes 
of that heat ? We know that it is consumed in the molecular 
work of vaporii!iation. In the experiment here arranged, the 
steam passes from the flask through a tube into a second vesael 
kept at a low temperature. Here it Js condensed, and indeed 
congealed to ice, the second vessel being plunged in a mixture 
cold enough to freeze the water. As a result of the process we 
obtain a mass of ice. That ice has an origin very antithetical 
to its own character. Though cold, it is the child of heat. If 
we removed the BimKen lamp, there would be no steam, and if 
there were no steam tliere would be no ice. The mere cold of 
the mixtiu-e surrounding the second vessel would not produce 
icct The cold must have the proper material to work upon ; 
and thi^ material— aqueous vapour — ^is, as we here see, the 
direct product of heat. 

It is now, I suppose, fifteen or sixteen years since I found 
myself conversing with an illustrious philosopher regsiding that 
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glacial epocb which the researches of Agassiz and others" 
revealed. This? profoundly thoughtful nmn was of opinion tba 
?it a certaii! stage in the history of the solar sjBtetii* the simf 
radiation had suffered dimliiution, the glacial epoch l>eing 
consequence of this central chilL The celebnited Fxcnch niathd 
matician Pois^son had another theory. Astronomei-^ Imn 
shown that the solar syst^^m moves through space, and 
tempemture of space is a familiar conception with scleutifi 
men. It was considered probable by Poiison that our fsyst 
during its motion, had traversed portions of space of diflerei] 
temperatiu-es ; and that during its passage through one of thft* 
colder regions of the universej the glacial epoch oecurred- 
Notions such as these were more or less current not many yeai^l 
ago, and I therefore thought it worth while to show how incon^H 
plete tliey were. Suppose the temperature of our planet to be 
reduced, by the subsidence of solar heat^ the cold of space* 
any other cause, say one himdred degreee* Four-and-tweot 
hours of such a chill would bring down as snow neiu"ly all tt 
moisture of our atmosphere. But this would not produce 
gtacial epoch. Buch an epoch would require the continuou 
genemtion of the material from Tvhich the ice of glaciers 
derived. Mountain snow, the nutriment of glaciers^ is ilorive 
from aqueous vapour raised mainly from the tropical ocean b 
the sun. The solar fire is as necessary a factor in the prot 
as our Bnnsen lamp in the experiment referred to a momti 
ai^o. Nothing is easier than to calculate the exact amount 
beat expended by tlie sun in tha production of a glacier* 
wotdd, as I have elsewhere shown,* raise a qtiantity of <^st*if 
five time^ the weight of the glacier not only to a white he 
but to its point of fusion. Iff as I have urged elsewhere^ inst 
of being filled with ice, the valleys of the Alps were filled wit 
white*hot metal, of quintuple the mass of the present glacier 
it is the heat, and not the cold, that would arrent our attenijoq 
and solicit our explanation- The process of glacier-making i 
obviously one of distillation, in which the fire of the sun 
generates the vapour plays as essential a part as the cold 
mountains which condenseia iLf 

It was their ascription to glacier action that first gave tbi 
parallel roads of Glen Roy an interest in my eyea; and in 1869 



• " llent a Mode of Mation," fifth edition, chap* ti. ; Fonni of Waler, JJ 
**i> »nd ^. * 

t In TiTc^ira excellent ** Principlea of Geology," the rttmark occmn 
"nerera! writers hnve fdlen into the strange error of iupponng th&t 
t?li\ciiil period must have been one of higher mean tasaperattire than uwiaL^ 
The really stninpe error wm the forgetfulneiS of the fiict that, m the ; 
duction of gluciefa^ heat played quite as ifoportant a part ai cold. 
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irith a view to self-iTistruction^ I made a sniitary pilgrimage to 
the place, and explored pretty thoroughly the roLids of the 
principal glen, I traced the highest road to the col dividing 
Glen Roy from Glen Spey, and, thanks to the civility of an 
Ordnance sorveyor, I was enahled to inspect some of the roads 
with a theodolite. As stated hy Pennant, the width of the 
Toads amounts sometimes to more than twenty yards ; hut near 
the head of Glen Roy the highest road ceases to have any width, 
for it runs along the face of a rock, the effect of the lapping of 
the water on the more friahle portions of the rock being per- 
fectly distinct to this hour. My knowledge of the region was, 
however, far from complete, and nine years had dimmed the 
jnemory even of the portion which I had thoroughly examined* 
Hence my desire to see the roads once more before venturing to 
talk to you about them. The Easter holidays were to be 
devoted to this purpose ; but at the last moment a telegram 
from Roy Bridge informed me that the roads were gnowed up, 
I was thus thrown back upon hooks and memories; but these 
proving only a poor auhetitute for the flavour of facts, I resolved 
subsequently to make another effort to see the roads- Accord- 
ingly on Thursday fortnight, after lecturing at the Royal Insti- 
tution, I packed np, and started (not this time alone) for the 
North, Next day at noon we found ourselves at Dalwhinnie^ 
whence a drive of some iive-and-thirty miles brought us to the 
exeellent hostelry of Mr> Macintosh, at the mouth of Glen Roy, 
We might have found the hillH covered with mist, which 
would have wholly defeated us ; but Nature was good-natured, 
and we had two successful working days among ihe hills. 
Guided by the excellent Ordnance miip, on the Saturday morn- 
ing we went up the glen, and, on reaching the stream called 
Allt Ehreac Achaidh, faced the hills to the west. At the water- 
shed between Glen Roy and Glen Fintaig we bore northwards, 
struck the ridge above Glen Gluoy, came in view of its road, 
which we persistently followed as long as it continued visible. 
It is a feature of all the roads that they vanish before reaching 
the cols over which fell the water S of the lakes which formed 
them. One reason doubtless is that at their upper ends the 
lakes were shallow, and incompetent on this account to raise 
T^avelets of any strength to act upon the mountain drift. A 
fiecond reason is that they were land-locked in the higher por- 
tions and protected from the south-westerly winds, the stillness 
of their waters causing them to produce but a feeble impression 
upon the mountain sides. From Glen Gluoy we passed down 
Glen Turrit to Glen Eoy, and through it homewards, thus 
accomplishing two or three-and-twenty miles of rough and 
honest work. 
Next day we thoroughly explored Glen Glaster, following its 
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J visible. We reached the 
covered by Mr. Milne-Home» and which stands at the 
the middle road of Glen Roy, Thence we crossed southwards 
over the mountain Creag Dhnbh^ and escamined the erratic 
blocks upon its sides, and the ridges and moimds of moraine 
matter which cimiber the lower flanks of the mountain* The 
observations of Mr. Jamieson upon this regioii, including the 
mouth of Glen Trieg, are in the highest degree interesting* 
We entered Glen Speaii, and contiouod a search begun on the 
evening of our arrival at Eoy Bridge— the eearch, namely, for 
glacier polkhinga and markings. We did not find them copioii 
hut they are indubitable. One of the proofs most convenient 
reference ia a great rounded rock by the road side, 1 ,000 yai 
east of the milestone marked three-i|uarter8 of a mile fi^om Bo; 
Bridge. Farther east other cases occur* and they leave no 
doubt upon the mind that Glen Spean waa at one time filled by 
a great glacier. To the disciplined eye the aspect of the 
monntains is perfectly conclusive on this point; and in n 
position can the observer more readily and thoroughly convinee' 
laimself of this than at the head of Glen Glaater* The dominant 
hills here are all intensely glaciated. 

But the great collecting groimd of the glaciers which dammed' 
the glens and produced the parallel roads were the mountains 
south and west of Glen Spean. The monarch of these is Ben 
Nevis, 4,S70 feet high- The position of Ben Nevis and liiij 
colleagues^ in reference to the vapour-laden winds of thi 
Atlantic, is a point of the first importance. It is CM.ctlj similar! 
to that of Carrantual and the Macgillicuddy Keeks in the soutb 
west of Ireland- These mountains are^ and were, the first 
encounter the south -westera Atlantic winds, and the precipil 
tion, even at present, in the neighbourhood of lCillamey» 
enormous. The winds, robbed of their vapour, and charged 
with the heat set free by its precipitation, pursue their dlrectioti 
obUquely across Ireland ; and the effect of the drying process 
may be understood by comparing the rainfall at Cahireiveeii 
with that at Portarlington, As found by Dr. Lloyd, the ratio 
is as 59 to 21 — fifty-nine inches annually at Cahirciveen 
twenty-one at Portarlington, During the glacial epoch tiiis 
vapour fell as snow, and the consa|uence was a «ystera of 
glaciers which have left traces and evidences of the moi^t im^ 
pressive character in the region of the Killamey Lakes^ 1 hav 
referred in otlier places to the great glacier which, deac4*ndin] 
from the Reeks, moved through the Black Valley, totil 
pos^ssion of the lake-basins, and left its traces on every rod 
and island emergent from the waters of the uppcrr lake. The; 
are all conspicuously glaciated. Not in Switzerland itself 
^^ find clearer traces of ancient glacier actiom 



3S5 



What the MacgilHciiddy Reeks did in Ireland^ Ben Nevis 
and the adjacent raoimtains did, and coutimiR to da, in Scot- 
Jand, We had an example of thiH on the morning we quitted 
Roj Bridge, From the bridge westward rain fell copiously, and 
the roads were wet; but the precipitation ceased near Loch 
Laggan, whence eastward the roads were dry. Measured by the 
gauge* the rainfall at Fort William is 86 inches, while at 
Laggan it is only 46 inches annually. The difference between 
west and east is forcibly brought out by observations at the two 
endsj of the Caledonian Canal, Fort William at the south- 
western end has, as just stated, 86 inches, wliile CuUoden, at its 
north-east end, has only 24* To the researches of that able and 
accomplished naeteorologistj Mr. Buchan, we are indebted for 
these and other data of the most interesting and valuable kind. 
Adhering to the facts now presented to usj it is not difficult 
to restore in idea the process by which the glaciers of Loehaber 
were produced and the glens dammed by ice. 'S^Tien the cold 
of the glacial epoch began to invade the Scottish hills, the sun 
at the same time acting with sufficient power upon the tropical 
ocean, the vapours raised and drifted on to these northern 
momi tains were more and more converted into snow. This slid 
down the slopes, and from every valley, strath, and corry south 
of Glen Spean, glaciers were ponred into that glen. The two 
great factors here brought into play are the nutrition of the 
glaciers by the frozen material above, and their consumption in 
the milder air below- For a period supply exceeded con- 
gumption, and the ice extended, filling Glen Spean to an evei^ 
increasing height, and abutting against the moiui tains to the 
north of that glen. But why, it may be asked, shoidd the valleys 
south of Glen Spean he receptacles of ice at a time when those 
north of it were receptacles of water? The answer is to be 
found in the position and the greater elevation of the mountains 
south of Glen Spean. They first received the loads of moistnre 
ciuried by the Atlantic winds, and not until they had been in 
part dried, and warmed by the liberation of their latent heat, 
did these winds touch the hills north of the Glen, 

An instructive observation bearing upon this point is hereto 
be noted- Had our visit been in the winter we should have found 
all the moimtains covered ; had it been in the summer we should 
have fonnd the snow all gone. But happily it was at a season 
when the aspect of the mountains north and south of Glen 
Spean exhibited their relative powers as snow-collectors- Scan- 
ning the former hiUs from many points of view, we were hardly 
able to detect a fleck of snow, while heavy swaths and patclieis 
loaded the latter. Were the glacial epoch to return, the rela^ 
tion indicated by this observation would cause Glen Spean to 
be fiUed with glaciers from the south, while the hilla and 
_ TOI*. XT. — ^0. LSI, c 
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valleja on the north, visited by milder and drier winds, woula 
remain comparatively free from icep This flow from the south 
would be reinforced from the w^t, and as long as the supply 
was in excess of the eonsumption the glaciers would extend* the 
dams closing the glens increasing in height, By-aiid-by supply 
and consumption becoming approximately equals the height of 
the glacier barriers would remain constant. Then, as milder 
weather set in, consumption would be in excess, and a retreat of 
the ice would be the consequence- But for a long time the 
conflict between supply and consumption woidd continue^ 
retarding indefinitely the disappearance of the barriers, and 
keeping the imprisoned lakes in the northern glens. But how- 
ever slow its retreat, the ice in the long run would be forced to 
yieldp The dam at the mouth of Glen Roy, which probably 
entered the glen sufficiently far to block up Glen Glaster, would 
gradually retreat. Glen Glaster and its col being opened, the 
subsidence of the lake 80 feet, from the level of the highest 
that of the second parallel road, would follow as a conaequanoebl 
I think this the most probable co!irse of things ; but it is ml^i 
possible that Glen Glaster may have been blocked by a glacier 
from Glen Trieg. The ice dam continuing to retreat, at lengUi 
permitted Glen Roy to connect itself with upper Glen Bpean, 
A continuous lake then filled both glens, the level of which, is 
already explained, was determined by the col at Makul, aboTe 
the head of Loch Laggan. The last to yield was the portion of 
the glacier which derived nutrition from Ben Nevis, and prob* 
ably also from the mountains north and south of Loch Arkaig. j 
But it at length yielded, and the waters in tlie glens resumed! 
the courses which they pursue to-day. 

For the removal of the ice barriers no cataclysm is to be 
invoked ; the gradual melting of the dam would produce the 
entire series of phenomena. In sinking from col to co! the fl 
water would flow over a melting barrier, the surface of the im- ■! 
prisoned lakes not remaining sufficiently long at any particular 
level to produce a shelf comparable to the parallel roads. By 
temporary halts in the process of melting due to atmospberio 
conditions or to the character of the dam itself, or through iocul 
softness in the drift, small pseudo-terraces would be fornied 
which, to the perplexity of some observers, are seen upon the 
flanks of the glens to-day. 

In presence, then, of the fact that the barriers which stopped 
these glens to a height, it may be, of 1^500 feet above the 
bottom of Glen 8pean, have dissolved and left not a wreck 
beMnd ; in presence of the fact, insisted on by Profesi*or Geilde, | 
that barriers of detritus would undoubtedly have been able to 
maintain themselves had they ever been there ; in presence of I 
the fact tl^at great glaciers once most certainly Med these 
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valleyi — that the whole region, as proved by Mr. JamieEoiis ia 
filled with the traces of their action ; the theory which ascribeg 
the parallel roads to lakes dammed by barriers of ice Jias, in my 
opinion, an amount of probability on its side which amounts ti 
a practical demonstration of its trnth. 

Into the details of the terrace formation I do not enter* Mr. 
Darwin and Mr, Jamieson on the one side, and 8ir John Lubbock 
on the other, deal with true causes. The terraces, no donbt, are 
due in part to the descending drift arrested by the water, and in 
part to the fretting of the wavelets, and the rearrangement of 
the stirred detritus, along the belts of contact of lake and hill. 
The descent of matter must have been frequent when the drifb 
was unbound by the rootlets which bold it together now. In 
some cjiseg, it may be remarked, the visibility of the roads is 
materially exalted by differences of vegetation. The grass upon 
the termcea is not always of the same character as that above 
and below them, while on heather-covered hiUa the absence of 
the dark shrub from the roads greatly enhances their con- 
spicuousneas. 

Reviewing our work, we find three considerable steps to have 
noarked the solution of the problem of the Parallel Eoads of 
Glen Roy. The first of these was taken by Sir Thomas Dick- 
Lander, the second was the pregnant conception of Agagsiz 
regarding glacier action, and the third was the testing and 
verification of this conception by the very thorough researchea 
of Mr. Jamieson.* To these may be added the important obser- 
vation of Mr. Milne-Home in Glen Gla^^ter ; with other remarks 
and reflections scattered through the literature of the subject, 
or suggested by the latest visit to the spot. 

Thus ends our rapid survey of this brief episode in the physi- 
cal history of the Scottish hills — brief, that is to say, in com- 
parison with the immeasurable lapses of time through which, to 
produce its varied structure and appearances, our planet must 
have passed. In the survey of such a field two things are specially 
worthy to be taken into account — the widening of the intellec- 
tual horizon and the reaction of expanding knowledge upon the 

• No circumijtftiiee, or incident, connected with this discourse gives mo 
greater pkasure than the recogoidon of the value of tbese reieaiehes. They 
are marked throughout by unflagging iodustry, by novelty and acutenesa of 
obeervfttion^ and by reasoning power of a high and vaxiad kind* These pagea 
had been returned ^* for press *^ ^^ben I learned that the relation of Ben 
Nevia and hh colleagues to the vapour-laden winds of the Atlantic had not 
escaped Mr. Jamieson. To him obviously the exploration of Lochaber, and 
the development of the theoiy of the Famllel Hoads, has been a labour of 
loTe, 
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intellectual organ itself. At first, as in the case of ancient 
glaciers, through sheer want of capacity, the mind refuses to- 
take in revealed facts. But by degrees the steady contempla- 
tion of these facts so strengthens and expands the intellectual 
powers, that where truth once could not find an entrance it 
eventually finds a home. — A Lecture delivered before the Royal 
Institution, June 9, 1876. 



^«^AT IS THE IMEAOTNG OF HUMAN 
PERSONALITY? 

By henry J. SLACK, F.G.S., Sbc B^.S. 



^HAT constitutes tuman personality? It is a kind of 
consciousness, complex in character. Memory is con* 
J3€med in it, or we should not associate the past sufficiently 
with the present J or with the closely recent, to supply the means 
of forming the conception of continuityp A mere reproduction 
hj memory of the image of the past would not ho sufficient to 
aid us in this matter ; for, as I)r* Carpenter observes, *' there 
must be a recognition of the reproduced state of consciousness 
as one which has been formerly experienced ; and this involves 
a distinct mental state, whf ch has been tenned the ' consciouBnesB 
of agreement™' Without this recognition we should live in the 
present alone," 

Thus a consciousness of existing now combined with this 
" couBciousness of agreement,*' as relates to the past conditions 
which memory recalls, are necessary to the idea, or sensation of 
personality, as it exists in man unimpaired by djseaae, A lower 
kind of personality might comprehend present existence only | 
but if a creature so constituted were able to profit by the 
results of experience, it would be as automatically as if it were 
a machine constructed to modify its action after receiving 
certain impulses. It would not be capable of human eayperiencey 
that is of experience in the sense in which the word is usually 
employed to designate an impression that was once a subject of 
consciousness and itj conscious recollection, 

Dugald Stewart remarked that " we cannot properly be said 
to be conscious of our existence, our knowledge of this fact 
being necessarily posterior in the order of time to the conscious- 
Bess of those sensations by which it is suggested*" The time 
occupied in the transmission of an impression from, ^y a finger, 
with its sense of touch, to the sensorium, and its conversion 
into a sensation of resistance, hardness, softness, smoothness, or 
roughness, is a niinute fraction of a second. Nerve action, like 
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electrical action, appears to consist m pulaationSi and the j?ffr- 
BonaMty of the supposed simpler creature wit^ the lower penson- 
ality would consist in intermitteDt productions of eonsciouinefiB. 
But, if personalitj is a matter of conscionsness, and is thus 
distinguished from the mere individual or distinct existence be- 
long'ing to minerals, such a being would be, and not be^ a person, 
in alternations, like the beat^ of a clock. The uncouscioua 
intervals might be long or short ; the sensation would be the 
same. It is conceivable that beings might exist whose pulsa- 
tions of consciousness and personaUty varied from millioiitlis of 
a second to millions of years. If able to think, and satisfied 
with Descartes' maxim, cogiio ergo sum — ^^ I think therefore 
I am'* — one such would be certified of its existence through 
either sJtemating miUiontha of a second or millions of y^ua. 

Dr. Carpenter's x-iew of personality involves a series of 
nervous actions, each of which may be regarded as pulsations; 
and we liave no reason to affirm that the rate of our neiTe 
action, or pulsation, is the only one that can answer the purpcse 
of producing a sense of personality bearing analogy to our own- 
We set our clocks by the heats of seconds ; but if we lived ^ 
on the sun, and had sight of the central sun round which he ts ■ 
supposed to move and carry his attendant worlds in millions of " 
years, we might substitute centuries for seconds as our time 
units, and perhaps could do well with nerve pulsations propor- 
tionably long in their intermittent intervals. At each beat we 
should be persons, in the intervals no persons; but memory 
and consciousness would tie together the periods of personality* 
and those of no personality could be known only as inferences 
which knowledge might enable us to draw. 

If personality, such as Dr. Carpenter defines it, could eii«t 
in all the stages of insect life — egg, grub, chrysalis, butterfly — 
the sense of continuity would he handed on through quite 
diflFerent states of existence. In the case of man, his healthjest 
normal personality runs through periods in which he develops, 
or changes, within limits that are much narrower, and which 
cause him to retain one character, or nature, throughout, Im 
many cases of insanity, however, the change of character is m 
great that the afflicted person may be said to have become mmiB 
one else. "A man beside himself** is a well-known phnse^ 
intimating the sort of dual being that passion^ or disease, er 
narcotics, may make of what should be an orderly unifotia 
being. 

The perceptive, the intellectual, and the moral faculties, 
all subject to modification from cerebral dieturl , ; t dtdeaaaJ 
In some cases the sufferer is conscious of his en ^ ^iniioiii^ 

and a well-known physician, having the care uf ih(* * 
informs the writer that hopes and prospects of ci 
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much stronger than when the patient caoiiot be peraimded there 
18 anything wrong with him. In these instances there is a 
. Jdnd of double personality, one surveying the otlier, and know- 
it to be wrong-headed. When the errors, or delusions, are 
not recogniiied, the persoEality is single, but different from that 
which existed in a sound state. When insane people of 
nornmlly good characters fancy they have committed crimes, 

■ and feel horror and remorse, the character, or personality, 
remains the same, but is the victim of delusion* From this 
( mode of speaking it muat not be supposed that character and 
personality are regarded as the saifne thing ; but what is called 
character consists in attributes of the personality, and when 

I those attributes suffer a great change, the result is like a trans- 
formation of one person into another* Thus, in a case men- 
tioned by Forbes Winslow, on the authority of Dr* Brierre de 
Boismont, a person in high office, who bad performed the duties 
6f his station satisfactorily, and in private life exhibited gene- 
rosity and honej^ty, became mean, avaricious, licentious, and 
fmudulent. Similar disorders cause " the brave and heroic to 
become as timid and bashful as any maiden in particular states 
of ill health. Mild, inoffensive, and humane men are driven to 
dcts of desperation and cruelty ; " and modest girls indtdge in 
indelicate actions and disgusting talk. The late Forbes Winslow 
thought such outbursts of evil came from the '' innate corruption 
and natural depravity of the human heart " ; but scientific men 
do not allow theulogical crotchets to serv-e as explanations for 
physical facts ; and although no one can afford the slightest 
explanation of why and how thought and emotion are connected 
with chemical and molecidar changes in nervous or cerebral 
matter, abundant cases prove that physical disturbance by 
disease or wounds can produce the changes of character which 
we are now considering. Not only can mechanical violence 
change character in certain cases for the worse, hut we find 
oppos^ite instances recorded where there has been a beneficial 
result. Thus, to cite an instance from Forbes Winslow's un- 
philosophical but amusing and useful stoiy-book, "Obscure 
Diseases of the Brain and Mind," — " a child, up to the age of 
thirt^n idiotic, giving evidence either of a total deficiency of 
intelligence or of a stunted intellect of the lowest grade and 
order, fell from a height upon his head, and was stunned* He 
rallied from this state of unconsciousness, and was, creilat 
JudcBtinl found to be in fuU possession of his intellectual 
faculties," Father Mahillon is also said to have been cured of 
idiocy, at the age of twenty-six, by tumbling against a stone 
staircase and fracturing his skull^ tor which he was trepanned, 
^■nd thereupon exhibited a "li%Tly imagination, an amazing 
^H i a zeal for etudy imequalled." In another instance 
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a ioldler^e intellect was impnifvd h^ a 
oot eome of his bcaiiii. 

In the two ca£es jii^ 
ftad that of the pde«t 

A rational one bj a pbTsical aecJdenl; and it m 
eompare such untaQces with thoie of fli» oppoMte ant, wb 
init^ of the new and indoaed daneter hmag beiter, it 
been horribly worse. 

When persons were obeerred to waSs uiMfer that 
dualism in which their proper selves wefetcopUdaDd ( 
by the iecond and morbid self, we ^Biioi wmder that our ftie- 
fiilhers, ifnorant of science, thought ihem fldgeela of i 
pOiMswion. There seemed to be two dintJnet panos in mm , 
body I and many of the old ascetics, who, like ao 
knocked their heads against slone^ and tonnanted thdr 
acted under the notion that their real personaUtT — that whiA 
they thought themselves^ — had to light with m hostile and 
diabolical personality which occupied and used their bodkStj 
When the deluiiioos are coni;taiit, aod the original 
against them, the dual personality is complete and i 
but cases frequently ocxjiir of whiit is called •* dotibte i 
nesi,^ in which there h a dual personality, each <uie of 
has a separate period to itself- ^limy of th^e are idalrd in 
well-known books, but the following is taken from a recent 
number of the " Revue ScientiBque ** (Slay 20), 

It is recorded by M* Azam, from wbo&e dreadMly pfotutj 
narrative we glean the following facts:— The subject ot thai 
disorder is Felida X., bom of healthy parents at Bordeaux laJ 
1843. Her father, a merchant captain, died while nhe was joisil^j 
leaving si family for the mother to support. Thus Felida*a eaily] 
years were spent in puvertj, but ahe developed in the uxual «»yl 
till about thirteen, when^ just after puberty, she exhibilcdl 
hygterical symptoms, aceompanieii with pulmonary ha?morrba 
without apparent cause from the condition of the regpimtoiyl 
organs. About fourteen she fiuffered sharp paini^iobotb temple«| 
and fell suddenly intx> an uneonseious state like Fleep, which 
lasted about ten minutes, after which she opened her eye« anil 
entered into what M* Azam calls her second state. This lasted 
an hour or two, after which the fainting and gleep reapp€ar»*d, 
iind ihe returned to what the doctor calls her ordinary state« 
More attacks came on every five or gix days, or less often ; and 
her relations^ noticing a change in her condition during the 
Het'ond life, and her forgetfulness of it on awakening, thought 
IwT idiotic* The hysteria got worse, and she ?tuffereti convul- 
niorii, which led to M. Azam, who was connected witJi a lunatic 
myitmu l*eing called in* This was in 1858, and he foimd 
Felida a plump brunette of moderate height, very intelligent 



F 



iraAT IS THE MEAKINQ OF KUMAH FIRSOKALITT ? 



393 



for her position in life> but melancholy, morose and taciturn^ 
with a strong will, and very indnstrious at needlework. She 
finffered from frequent hsematopsies, complained of pains in the 
head, and hysterical symptoms. She was very anxious about 
her condition. Her acts and conversations showed no intel- 
lectual defect, but her affective sentiments were feebly developed. 
Nearly every day, without any perceptible cause, she suffered 
what she called her " crisis/' and entered into the second state. 
All of a sudden, with her work on her knees, a violent pain shot 
through her temples, her head dropped upon her breast, her 
arms fell by her side, and she passed into a sort of sleep from 
which neither noises, pinches, nor pricks could awaken her. 
This lasted two or three minutes, but had foimerly been longer. 
She woke up in quite another state, smiling gaily, speaking 
briskly, and trilling (fridminant) over her work, which she re- 
commencefl at the point she left it. She would get up, walk 
actively, and scarcely complained of any of the pains she had 
suffered so severely a few minutes before. She busied herself 
about the house, paid calls, and behaved like a healthy young 
girl of her age. In this state she remembered perfectly all that 
had happened in her two conditions- In this second life, as in 
the other, her moral and intellectual faculties, though different, 
were incontestably sound. After a time, which in IB58 lasted 
three or four hours, the gaiety disappeared, the torpor suddenly 
ensued, and in two or three minutes she opened her eyes and 
re-entered her ordinary life, resuming any work she was engaged 
in just where she left off. In this state she l>emoaned her con- 
dition, and was quite unconscious of what had passed in the 
previous state. If asked to continue a ballad she had been sing- 
ing, she knew nothing about it, and if she had received a visitor 
she believed she had seen no one. The forgetfulness extended 
to everything which happened during her second state, and not 
t<> any ideas or information acquired before her illness. In 
1858 her hysterical condition was well characterised, and in 
what M. Azam calls her " normal state " she could not taste 
nauseous pills; her sense of smell was deadened, and many 
points on her body were without sensation. The least emotion 
brought on convulsions without complete loss of consciousness. 
At this period occurred what M. Azura calls an " epipheno- 
menon " of the attack, which he saw only two or three times, 
and ^hich a young man she married only saw thirty times in 
sixteen years. Instead of waking as usual from her second 
state, she did it in a fit of terror, and recognised no one but her 
husband. This did not last long, and it was only on such 
occasions that anything like hallucination was observed. Her 
two mental conditions were strikingly exhibited in reference to 
an incident of courtship preceding her marriage to a young 
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man ste liad known from childhood* One day, when more 
u«ually sad, she told the doctor she was getting worse, that nh& 
was eiilarging, and suffered from nausea each momiag, with 
other Bjrmptoms of conception, After the next attack^ which 
came soon, she iaid t *' I rememher perfectly what I have jost 
told you^ and I now confess I am with child," She had got 
into this condition in her second etate^ and was quite ignorant 
of it in her normal state ; but this was rudely broken through 
by a neighbour, who thought she wag shamming innocence^ and 
told her what slie had confessed in the other etate. The shock 
to her feelings brought on violent hysterical convulsions, which 
leqiured medical attention for two or three hours. Her first 
child was bora when she was seventeen and a half, and for the 
two following years she enjoyed good health. When about nine- 
teen and a half the attacks recurred with moderate intensity, 
and a year later she bad a difficult confinement, blood spitting, 
and a lethargy which lasted three or four hours. From this 
time till she was twenty-four the attacks became more frequent, 
and their duration, which at first equalled the normal periods, 
began to exceed them. The pulmonary haemorrhages increased, 
and she aulfered partial paralyse*?, lethargies, extasies, Slc. For 
three years, from twenty- four to twenty-seven, she was entirely 
ia the normal state, and then for another six years, up to 1875, 
the disorder reappeamd* Up to this date she had gone through 
eleven confinements, the result being two children still living. 
The eldest, bom during one of the attacks, is nervous like his 
mother, and suifers from fits of terror. He is intelligent and a 
good musician, now sixteen years old. M. Azam gives numeroas 
instances of the two states, and adds diugrummatic representa- 
tions of them, one of which tmces their changes of dumtion. 
From fourteen and a half to seventeen and a half years of age 
the periods of acc^^^ or attack, were far between and much 
shorter than the normal states^ From seventeen and a half to 
twenty and a half the normal state lasted ; from twenty and 
a half to twenty-four three attacks ; from twenty-four to 
twenty-seven a long normal state ; from twenty-seven to 
thirty-two increasing (ux^b st^ites, and at the present dato 
these states tend to become constant. M. Amm obsetrm 
that *' the growing diminution in number and length of tb© 
normal states leads to the opinion that they may at last oeaaa 
altogether, and then her whole life woidd be passed in the 
second state," 8he would then have a complete personality ; 
intelligence and memory would be there, but it would not ba 
the old personality ; she would be another person : — 
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** flor eiiijtenoB^ from an external view, would includo thre© 
personalities ; the lifst normal, -with which she came into tbtt world j 
»ecfind, diTideJ m two hy ]ms of menioTy (amnisi^) ; the third nerw^ and 
■^ifferenu Good would thua come from eioess of evil, fur it wt>uld 
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jHio a sort of cure. I dara expect no otlierj and if it came it will be ia 
^Mlve to fifteen jeiurs, &t ft critical fig^J* 

It is a pity that this story is not told with more complete- 
ness ; for, although nothing of much importance is omitted in 
the preceding condensation of the original account, it leaves us 
without many facta which should have been recorded. After 
the first hysterical attack, the girl appears to have had two per- 
sonalities strongly marked hy differences of character. In one 
gtate she was morose and melancholy ; in the other lively and 
agreeable. Was this state like her original condition before 
puberty, allowing for the usual development between one age 
and another ? Dr. Azam gives us no information on tbis point. 
He tells us that " in her second life her moral and intellectual 
faculties, tliough different, were inconteatably soimd," But it 
was in tlii^ state she became too feimiliar with the yoimg man 
whom she subsequently married — a transaction of which she 
had no cognizance in what the doctor terms her " normal '* 
state, misusing that word, which he subsequently employs with 
more propriety to designate that condition in which she came 
into the world, and in which> while it lasted, she behaved like 
other children. 

The second state, the birth one being her first, was that of 
an intermittent personality ; the third of two personalities, 
composed of the second, and a new one, occurring in alterna- 
tions, and linked together by those actions of memory and 
consciousness described at the beginning of this paper in the 
words of Dr, Carpenter. 

Should a cure ultimately ensue, m Dr, Azam expects, her 
final state would apparently be a reversion to her birth state, 
with such modifications as naturally belong to lapBe of time. 
Suppose, instead of an act of impropriety during the second 
state, she had committed a robbery or an assassination, no 
moral responsibility could have been assumed to rest upon her 
with any certainty by any one acquainted with her history j 
though without a knowledge of the previous facts no excuse 
would have appeared. 

In these double consciousness cases the origitial personality 
is only lost at intervals ; but when, in confirmed insanity, a 
patient supposes himself quite another character, and assumes 
the thoughts and feeUngs considered proper to such a character, 
the original personality, as an essential property, disappears 
altogether. Temporary disappearances of the real personality 
and its replacement by an assumed one, not only occurs in 
cases of insanity, but can be induced hj the action on the ner- 
vous system of what has been termed ^' electro-biology," Thus 
Dr, Carpenter records having seen a lady '* metamorphosed 
into the worthy clergyman on whose ministry she attended, and 
with whom she was personally intimate.'* He says '*he shall 
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never forget the intensity of the lackadaisical tone in which 
she replied to the matrimonial counsels of the phjsiciEn to 
whom he (she) had been led to give a long detail of his (her) 
hypochondriacal symptoms : ' A wife for a dying man, doctor 1 * 
No intmitivnal simulation could have approached the exactness 
of the imitation, alike in tone, manner^ and language, which 
epontaneonsly proceeded from the idea with which the fair 
' subject ' was possessed, that she herself experienced all the dis- 
comforts whose detail she had doubtless frequently heard from 
the real sufferer." * 

While this state lasted the lady's own personality vanished, 
and she was, so far as her own knowledge and coDsclousness 
were concerned, the hypochondriacal clergyman whose ways 
she imitated. In a case of intoxication the loss of the r^ 
personality was only partial — a man knew perfectly well who 
he was, but relerred all his own drunken Bymptoms to his 
family, and insisted upon undressing them and putting them to 
bed, affirming that they had taken too much to do tliose things 
for themselves 1 

The alternating form of dual personality may possibly ex- 
plain some of the stories of '^spiritual manifestations-'' A 
believer in these performances cannot be induced to accept as a 
solution of the apparent wonders the explanation that the 
medium is cheating him. The said medium, male or female. 
as the case may be, is well known, he says, to be a most 
veracious person, quite incapable of deceit^ — a most simple- 
minded person, imable to concoct a fraud. This may be so in 
the normal condition, but what has the so-<^ed mediumistie 
state done ? It usually comes on, more or less, like the somno- 
lence of the girl FeHda, and perhaps it transforms a reliable 
person into either an unwilling dupe of morbid sensations, or a 
cunning cheat. 

Cerebral physiology is not yet advanced enough to say how the 
brain acts, or whether functions are rigidly localised. Profaeaor 
Golz has recently shown that functions which seem quite des- 
troyed by excision of large portions of one hemisphere, reappeir 
after a time, if the animal subjected to the process can be kept 
alive. A physiologist who contributes to the '* Academy,'' t^ 
ferring to these experiments as narrated in " Pfiiiger s Arciiivei,^ 
says ; '* A belief in the existence of localised centres in the 
cortical substance is incompatible with the fact that leaion of 
any part whatever of a hemisphere is followed by one and tht i 
same train of symptoms, and with the obiervad restoration of * 
the particular functions over which those centres are suppo^ 
one who has no pretensions to be a phyiiii 
the grey matter of the brain may Imvts i\ 

^ Meutftl Phydology," p. 523, 



I 



legist suggest 



WirAT IS TOE MEANI>^a OF HCHAX PERSOJIAUTT ? 



397 



molecules arranged io patterns somewhat analogous to those of 
steel-fi lings under the infliietices of a magnet^ but that in some- 
way the direction of the forces — or vibrations — may be changed 
in them< The pattern will then be different, and the position 
of supposed organs alteredi If this he true, the search should 
not be for organs, but for centres of action, which in healthy 
brains may have fixed positions. 

Leaving this and other guesses for what they are worth, we 
must admit that personality as we know it is a result of organi- 
sation, and that a molecular change, or a variation in the rate, 
or character, of those chemical actions and decompositions that 
are the invariahle physical antecedents of thought, sensation, or 
volition, can instantly convert one personality into anotlier, in 
which that sense of continuity which links the personality of 
yesterday with that of to-day may be wholly or partially des- 
troyed. Thus we may see realised something like Circe's magical 
transformation of men into beasts, or a new man created sur- 
passing the old- 
Many will be startled at the notion of their personality beiug 
iBtermittent, not continuous ; but if it consists in a series of 
impressions converted into consciousness, with the memory's 
links tying them together, the sense of the continuity of our 
existence, which we all feel, must be like the sensation of a 
continuous soimd produced by successive beats at small inter- 
vals, or of continuous light from rapidly recurring impressions. 
If onr modes of consciousness enabled us to take note of 
infinitesimally minute time intervals, and of in&niteaimally 
minute molecular changes, each second would be crowded with 
a corresponding infinity of impressions, and a personality last- 
ing a few minutes would he more amply filled with incidents 
and recollections than a immau life of the longest term of years. 
If, with our present limitations of power to perceive minute 
time intervals, we were able to notice the molecular changes 
that took place between one pulsation of personal consciouanesB 
and another, we should suppose that nature, contrary to the old 
adage, did act by jumps. If a being could exist with enor- 
mously slower pulsations of conscious existence, these jumps woidd 
seem enormous, and, in an extreme case of such a supposition, 
the world that existed in one period might be extinguished and 
rearranged before another came on. The whole philosophy of 
such a being would differ from ours* 

But if intermittence and change be the condition of our 
lives, is there nothing permanent to which we can cling ? 
Physical Science has to do, in its present stage, only with 
facts belonging to the regions of incessant change; hut man 
must^firom his constitution, form an ideal of the continuous and 
the enduring towards which he aspires, and in which, in spite 
of doubtsj he in the long run believes. 
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U AS the outcry cea@ed now that a Bill lias been passed by the 
rl House of Commons ? We fancy not. The Bill bas not 
satisfied those who are opposed to \4vifiection, while of course i 
Las not pleased the medical profession. But the voice of 
opposition has not been as loud as in the beginning of the year. 
Then it was shockingly violent and unreasonable* There hae 
been, as the old saying is, " much cry and little wool," and & 

, number of well-intentioned and equally uninformed old women 
have raised a banner with ** cruelty to animals" inscribed up*>ii 
it* This, of course, has been followed by an ignorant and 
withal a very noisy crowd, who have raised a special outciy 
against the medical profession, of abhorrent cmel^ to animak 
The medical profession at first took little notice of this bab- 
bling crowd ; and we fear tbat if it had not been for the decided 
movement of Mr, Ernest Hart it would have been absolutely 
Bilent on the matter, and as a consequence we E^hould hav 
had the Act passed in ita original form, which has, now th 
its intentions are familiar, become so objectionable to 
entire profession* Mr. Hart saw the objectionable charac 
of the proposed law, and he called public attention to 
subject through his paper, the '* British Medical Journal," i 
by a well-organised plan he got the profession together, i 
brought them in a body to Mr. Cross to protest against 
measure (as it was then drawn up) becoming law. The 
currences at that meeting are fanoiliar to the public* 
Salmon and Sir W. Jenner pointed out, in terms of the ma 
clearly logical force, the utterly unfair nature of the Bill, ancl 
the slur which it would cast upon what la unquestioaably the 
most charitable professii^n in exigence. While at the eame 
time, as Mr. Simon indicated at some length, the 
of medicine is charged with cruelty — cruelty whose c4n: 

Js under chloroform — the foi hunter, the harrier 
^r stalker, the pigeon slayer, the rabbit snarefi to ment 
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rfew,* are aUawed ta perpetmt« the u^aioii ernelties imagin* 
able withotit aim or end ocber than tlie mmaeelioii sbift torturs 
of the animals puisuecL A mlm ofaeerver of the argiunentfi on 
the two sides will imavoidablj say, ** If you deeire to p«t down 
cruelty to animals, put it down &st where it ig both har^ and 
imnecessary ; and then if you will, come down on vivisection/ 1 
which is an extremely tiseM ba well as excessively limited opera^ 
tion — ^profession, indeed^ we had almost tenned it. 

And this \iew of the matter bringB us to the consideration of 
some remarks on this subject made by the " Daily News " of 
August 10 or IL This paper, in a leading article ou the dis- 
cuBsion in Parliament upon the second reading of the Bill, hold;! 
the same opinion, but it singularly enough commences at the end 
instead of at the beginning. It says that of course Parliament 
cannot undertake to legislate for the whole matter at once, but 
that it does well to begin with the physiologists, "^^^hy? 
Simply that the " Daily News *' has got a craze upon the subject, 
and takes this unreasonable view. Surely if vivisection is to be 
put down at all, i.e. if all modes of torturing creatures are to bo 
put an end to— an idea which is as absurd as it is impoR^ible^ 
that which is most general and least useful should in the first 
instance be considered. But, in the opinion of the '* Daily New^^" 
the reverse \iew is correct. That which is most beneticial and 
infinitesimally small in its amoimt must be tlio first that is put 
an end to. 

Apart, however, from this view of the question, therfi in a 
Ipries of other points to he considered with which we fntr tho 
inti-vivisectionist has not at all acquainted himself. And firHtly 
comes the fact that every animal must die at one f imc or another. 
It may be a slow death by starvation, it may Ihj of the most In tinim* 
torture — as witness a cat with a mouse or rat which she h^iH Imlf 
killed and then plays with for horn's; it may Ixi by poiniin— 
which is essential in many cases ; or, lastly, it may Im hy mnnt^ 
sudden catastrophe— as a flood, or a fire, or fro»t which Hljiy« hy 
thousands. And to this the anti-vivisectionist will reply i Hut 
why not allow animals to live as long as th(7 can ? To thirt 
importitnt que^ion two answers ar** to In* given* 1. A Uwcr 
animal differs entirely from man, iniinmuch m it nnviT know* 
that it is going to die. If the condition of nian*M life were the 
ae, death could have no earthly horror, Ln, death alone- If, 

Not to mention the habit of punetuHtig m\mdit with Iron iffMn f*ir tint 
purpose of marking them with th^ ommn* initmb, th« crli»(jin(p of \hn 
aalmon nud Cfid, tlie Binputation of ili#ep'f idl»t &C. &C» 

t The word should never have Uen nmit^ iu4 jot It nmmu dlfltfult Ui 
iuhstitute ft better anew But tb# ide* tbmt it emri^B at ftnlmnJa hmng HAyiiil 
gMte ii clearly ta objectioaable aa it ii wrong. 
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tlion, wc kill an animal suddenly, witbout aDowioi^ it to eipen- 
ence the sense of pain, how have we tjeen guiity of cruelty ? It 
has no knowledge of the intention we have had of kilLing it ; 
has the most |jerfect enjoyment of life to the last moment. 
knows not of our having anything to do with its death. In fm 
it is killed without having had an idea of mortality. Then wli 
is the injury inflicted ? 2. But there is another and vastly mor 
important argument. This h the one which Ib fiimi^ihed in th4 
most convincing form in Mr, Darwin's '^ Origin of Species,'' 
It is in four words, **The struggle for life*" I sup| 
my anti*vivii?ectionist friends are unaware of the fact 
but nevertheless fact it is, that if all the animals tha 
were brought into the world during the last fifty years wer 
allowed t^ live for their natural term of y^urs or months, as th 
case may be-, the country would be over-nm, there would not 
standing room in all probability for one of us. Living woidd 
utterly out of the (question, if Eucli a condition existed, for 
lower animals alone. 

Let us take a few well-known examples from Mr* Darwin^fl 
book in proof of this statement. In the sixth edition (the last 
but one), p. 50, of Ms "Origin of Species/* the author gives tt 
following example of the geometrical ratio of increase, whic 
shows ua clearly enough that for one animal of any kind tha 
lives, thousands perish before reaching maturity; and that were it» 
not BO, the world would become uninliabitable : — 

"A struggle for existence inevitably follows from thp high 
rate at which all organic beings tend to increase. Every being 
which during its natural lifetime produces several e^gs orj 
mads mii^t suffer destruction diuing some period of its life, andf 
during some season or 0€M3asional year, Othei^ise^ mh the prin- 
ciple of geomstrieal iTwrea^e, its nuvibers would fjuicHf/ b6com$\ 
so inordinatdy great that no cauntry cotdd mipport the ; 
dud, Hencey as vwre imiimduaU are pmduml tktm can\ 
poB^ihly survive, there must in every case be a stniggh /& 
existenm* • , - . It is the doctrine of Malthnii applied withl 
manifold force to the whole animal and vegetable kiugdotnsJ 
, • . , Altliongh some species maybe now increadng more or less 
rapidly in numbers, all cannot do so, for the world would nut J 
hold them;* 

** There is no exception to the rule that every organic fceinjj 
n€duraUy in&rmwes at so high a rate that if riot deftiroyed ih 
mrth would soon be covered with the progeny of a ettigls pairJ] 
Even slow-breeding man has doubled in twenty-tive years ; and 
at this rate in less than a thousand years then^ would lit^^rallj 
not be standing-room for his progeny. • • » The eh-pbant 

*foned the slowest breeder of all known animalu, and I havti| 
some pains to estimate its probable oiinimum rate 
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natural increa^se. It mil bt? safest to assnrae that it liegins 
breeding when thirty years old^ and goes on breedinLj till ninety 
years old, bringing forth six young in tlie interval, and sur- 
viving till 100 years old. If this be so^ after a period of 
from 740 to 750 years, there would be nearly ntTietefra million 
elephants alive (lescemded from the Jtrst pair.*^ 

Now, the above remarke^ — and they are but a tithe of tboee 
that could be quoted, and wliich we tni!?t the reader will look 
out for himself — clearly prove that the amoimt of cruel 
Biaugbter which takes place wholesale in Nature, and which is 
really for the benefit of us and the other few who survive in 
the struggle for existence, i?* of so vast a character that any- 
thing in the nature of vivisection sinks besid^ it into such utt^r 
insignificance as to be totally unworthy of observation by the 
philosopher. 

But if we leave these grand aspects of the question, and for 
a moment turn the argument against the anti-vivisectionists, 
what shall we see ? Why^ that they who cry out loudest are 
themselves guilty of the most intense cruelty. Winch of them 
for instance, will avoid eating a chop^ and yet what is that but 
the product of cmelty to animals* Tlie poor little beast first 
has its tail cut off when it ia a yoimg animal. Then its testi- 
cles^ — if it is a male— are cruelly dissected out, mittiout the 
influence of ebloroforoi ; and then when it has reached a fair 
degree of size and fatness it is killed* And if we inquire 
whether this act is performed under chloroform, the mere ques^ 
tion excite-s a smile. Again, if it is a calf that is killed, how 
is the act performed ? Why, most cruelly, Ve^il is a sort of 
meat which the public like to have well-bled ; it is a so-called 
white meat. WeO, the imhappy little calf is torturingly 
allowed to bleed to death. And how many millions of these 
creatures have to suffer in this manner every year ! Again, 
will the anti-vivisectionist not destroy without hesitation all 
bugs, fle^Sj lice? Will he not, without the faintest scruple, 
remove and slay with a ruthless hand thousands, nay millions, 
of aphides ; and will he not squash beneath his feet the slug 
and snail that inhabit Ids garden ? Yet surely he will not tell 
us that creatures like Aphw^ Limitx and Helix are devoid of 
sensation— the latter, indeed, endowed with the most complete 
nervous system. Or will he not bunt the fox, or snare the 
rabbit, or eat his chicken that has been cruelly bled to death 
by the poultry-man, who places its body between his knees and 
slashes a huge knife across its neck, and waits, witliout the 
slightest scruple of conscience, till the fowl has bled to death ? 
Or is he i^orant of those choice morsels of delicacy known m 
the pate de foia gras f Does he know what torture these poor 
bird^ are put to through their whole lives in order that the 
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taste of the ban vivant may be iufficiently pleased ? Oi: do«^ 
he eat hLs lolwjter or crab, and does he know how they are pr^| 
pared? Is he ignorant of the &ct that they are kept out 
of water for hours, which ha^ somewhat the same effect as 
though he were being submerged for half^-a^minuta say every 
five minutes in the twenty-four hour^ But that is not all. 
A cauldron of boiling, steaming water is ready, and into this 
the Btill living crab or lobster, shrimp or prawn, is at once 
plunged. Just conceive for a moment the agony the poor brute 
must suffer I 

Better still, let him reflect on his oyster- eating habits, 
poor oyster is at least a couple of days out of his native 
ment. Still he has sufficient liquid floating about his gil 
and how beautiful these gills are the microscopist alone knows^ 
— to keep him alive till the moment that anti-vivisectionist 
begins his dinner or supper. Then is a knife passed through 
his gills and across his muscles that close the valves ; next ^r 
a few seconds he is tortured by having some burning compound 
poured — as oil upon his wounds^ — upon him, and, finally, in a 
moment, while still in a dying state, is he plunged into the 
mouth and stomach of the man or woman who grieves so loudly 
over vivisection. 

Is it not wonderful in this, which is especially the Age of 
Beason, to see so much of absolutely arrant nonsenae talked 
by people whom we should take in other respects for sensihleH 
persons, Christ's argument is the most potent one in this eaae^fl 
and well may the vivisectionist say, "Let him that i^ without 
sin among you cast the first stone," Assuredly if they are any- 
where, the Pharisees are among our opponents. 

If we wanted further evidence of cruelty of the most i 
painful kind, hut which is yet absolutely unavoidable, we have 
only to go to any of our sea-side fishing villages. There we 
can see whole boat^loads of crabs slowly djing, which are torn 
limb from limb in the still existing condition to form bait for J 
the fishennen. Again, look at the millions — nay, the billions— of \ 
herrings, pilchards, not to mention other salt-water fisli that me 
caught on our own coasts year after year. Are they obloroformed 
or even killed at once ? Assuredly not ; they are allowed slowly to 
die of suffocation, not sudden, as in the case of a man who i* 
drowning, but gradual suffocation, which takes gome houxs to , 
complete. Then let us take fresh-water fish. Is not the sal* | 
mon, if he is caught on the line, sometimes put to tortuj-a for 
half-an4iour or more, and is he not then most cruelly dealt 
with — a large, bent spear, the gaff it is called, is driven throtjgli 
his body and thus he is brought to land ? Again, the troutn, or 
perch, or roach, &c., is he not taken with a hook which pierc^t | 
his mouth, and is he not then allowed to die the death of guffocic 
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tion and pain in the basket of the angler? Take the practice 
which exists in some rivers of fluking. A man lying forward in 
the bow of a boat floating over a sandy bottom, sees the fluke — 
the young plaice or sole — buried in the sand, then he thrusts 
his spear through the animal's back, taking care that it pene- 
trates its body completely. Next he lifts the weapon, dis- 
engages the fluke by withdrawing the spear from its body, and 
allowing the unhappy victim to flounder to the bottom of the 
boat in most excessive agony, permits it to die, which it gener- 
ally does in about four hours; while he goes on spearing in most 
cases till he has five or six dozen of these flat-fish captured. 
Then, most of them still alive, they are strung on a switch of 
willow, which is passed through tlieir giUs and out of their mouth, 
and so are conveyed for miles to market. 

If the above is not cruelty, we know not what is. But it 
might be multiplied almost infinitesimally, if we were to obtain 
a return of the actual amount perpetrated throughout the 
country. 

And if now we compare with these several modes of cruelty, 
which are performed beneath the eyes of all, the methods of 
vivisection as they are practised in this country, what shall we 
see ? We first of all find that there are in the whole land 
not more than fit)m twenty to thirty persons who have to do 
with physiological experiments which demand operations on 
animsds. And again, we may suppose that they work, say ten 
months a year, and we will ftnrther suppose that on an average 
they have an operation to be performed on a manmialian animal 
about three times a week. We are now drawing a fiur estimate. 
Well, and what is the cruelty ? The animal is tied up and in 
the first instance is placed under the influence of chloroform. 
Then pobsibly — it being incapable of feeling the slightest pain — 
a knife is inserted in its abdomen and a bit of its intestine is 
tied, or its skull is partly removed to see the condition of its 
brain or to try experiments with galvanism ; or its heart or 
lungs are exposed for the purposes of conducting some experi- 
ment on circulation or respiration ; or it may be the absorption 
of £eit by the lacteals that the experimenter wishes to determine. 
Well, the animal is kept under chloroform, save in some very 
special cases, during the operation. Then if the injury is very 
slight it is allowed to recover, if the destruction of tissues 
has been great it is, while still under chloroform, put an end 
to by the simple process of ^ pithing.'' 

And such cases as I have given an instance of, are, as we have 
•seen, but few indeed when performed on the higher animals, as 
dogs and cats. Guinearpig8,frogByand newts ooiutittite the mass 
of the experimenter's sa^ects, and we can My that theie it 
never an example of the intense erudtj tluit £(• 
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vivisection ists have spoken of. lade^d, Btudents are except ton- 
aUy considerate to the. suliject^ under examination, as we dotilrf. 
not those who have had to perform experiments on amnmb will 
bear us out in testifying. 

But if we have not a mifficient argument in fevour of vivi- 
section from the tendency to spare the feeEngs of aniraab bj the 
iise of chloroform on the part of the vivi sectors, and from the 
fact that vivisection is as to cruelties practised every day through 
stupidity and sport (I I !) in the ratio of ahont 1 to 1 ,000,000, we 
liave a last argimicnt of greater import than any that have gone 
before. It is that \dvisection is of use, and that it is by meaufi 
of vivisection that nearly all tliose results have beeu attiiload 
which have led to establish Medicine on a partly rational basis, 
and which have led to advances in the art of mtKUciue — in itj^ 
widest sense — that ha%'e immensely tended to the relief of human 
gnfiering. It would, of coiur^se, be out of oiu- power in Buch an 
article as this to give a List of the series of e:speriments on fmimaLi 
that have led to the correct ideas on the subject of dige^i ion, 
circulation, respiration, absorption, secretion, and more riz^entl y 
on muscular action and brain-power. But those who an? 
int4?rested in this important question will do well to refer to 
valuable article in the " British Medical Journal " of the prese] 
year, in which they will find the whole of this question ampi 
and fairly, and dispassionately discussed. 

Is it not, then, unfair as well as imwise to present a Bill oi 
this subject which deals exckisively with the medical profe^i^ 
We think it is ; yet it has been done. Mr. Cross has sm 
in getting a Bill passed through the House almost at the li 
moment, just as the members might be said to have lieeo 
looking out their guns and cartridges, and preparing for thai 
terrible slaughter of the twelfth. Just at this moment the; 
have passed a BiU to hamper and impede the labours of th 
practical physiologist, Wliat a magnificent subject for a clm\ 
satire. And yet, though the Bill is objectionable to the medii 
profession in some of its fixtures, more especially so in it^ preven- 
tion of vivisection in any medical school, und in it^ applicatuia 
to vertebrate inst^sad of warm-bUxided amimals, the anti-vi 
tionists are outrageous with Mr. Cross for his timidity (I I) mi 
leaning towards the medical profession. Tluis has the Hom6^ 
♦Secretary Mien into the position miially occupied by the pemja 
who sits between two stools. 

We think that the only member of the Hon»»e of Commons 
who sfioke rationally and calmly on the subject was Mr. Uolieit 
Lowe, and we thoroughly sympathise with all the obsermtioi 
he made upon the subject. 

The anti-vivjsectionists are dissatisfied, and mean to opei 

battle again neit session. But things will be changed theoy 






THE YIYISECnON CLAMOUB. 405 

and we doubt not that much of the wild frenzy so often associated 
with the petticoat will have had time to cool down, so that 
altogether while we do not approve of the form legislation has 
taken, we are yet hopeful as to the future, and we would urge 
upon our medical readers to use all their influence with their 
parliamentary friends towards the utter abolition of this Bill in 
the next non-Disraelian session of Parliament. 
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GEOGRAPHICAL DISTRIBUTION OF AKIMALSJ 

TO review ft work like Ibe present one would be, except to aome Irnlf- 
doaen writers in Ih© same field, aci aWtitdity, if not an iinpertiiiMiiC6.l 
To give even an analjsis of its oontenta would require in finitely mofe §^»m, 
than that of our entire " Reviews." What can we do, then, in th# preficnt 
instance ? We can Just briefly give an account of the nature of the volume^ 
of what it is tlie author has attempt<*d to do^ and of the tisie and sptiA, 
whbh his labourH hare occupied , and their results have been embodied I 
We may sny that to na Mr. Wallace appears to have reij faithfiiJlj am 
ceeded in doings what he wished, viz^ that his ** book should bear a fimil 
relation to the eleventh and twelfth chapters of the * Origin of Speciet' 
Mr, Darwin's ' Animals and Plants under Domestication* does to tht firrf 
chapter of that work/' In this respect we may say that the analogy la com- 
plete* Nay, more ; we fancy ihnt Mr* Wallace*s labours, as put forward ii 
the two splendid volumes now before ub, will be read when Mr, Darwin'i 
volumes on *'Animala and Plants" wiH have fallen into desuetude. Wheth 
it will have as long a lease of eiintence as the *' Origin of Specitss,** it ' 
of ct>urse, impossible to say ; but of ita ^eat importance m a scientific trej 
there cannot be the least doubt in the mind of anyone who ia ae<|QAiiil 
with the history of Nature ; and this all the more so because it wn woi 
mi ffifTini^, Mr, Wallace has bad to undertake an entirely novt^l labour 
prt^parinj? those volumes, and the result is the production of a work tbftt 
completely new* Not only m, but it is executed by one who la a tboroi 
master of the subject ; by the nmn who Hiigbt,but for hii extreme modefity, b* 
now in the proud position which Mr* Darwin holds — that of the first natuntlist 
in the world* It is clear, therefore, that we may anticipate a eubjoet d«t]t 
with in a philosophic spirit, as eucb a subject especially re^niiei* ^Ijid cw 
we take a glance at Mr* Wallace's labourSp let us ccmsider how long tbty 
bave occupied* This is ^hown in the following pasaage from the pf^faos 
lo the work* Mr, Wallace fiiya : — ** The detailed atudy of sev««ral gtmig^ 
of th« birds and insects collected by myself in tbo East brought proi 
before me lome of the curious problems of geograpbiad distribution; 
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* *' The ft ec^aphical Distribution of AnimAls j with a Studv of ths 
Rflations of Living and Extinct Faunas, as elucidatinf the Past Chazifet of 
the Earth's Surface," By Alfred William WalUce. With Mip« ^ 
IHustrations* 2 vols, London : Macmillaa k Co* 187ll 
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ftiiould hardly hme Tentured to treat the whole suhject had it not heen for 
the kind encoura<j[e:i*eQt of Mr* Darwin and Professor Newton^ who, about 
MX years ago^ both 8ttgtre.«ted that I should undertake the taak* 1 accord- 
ingly set to work, but soon became discouraged by the gr^at dearth of 
materials in many gi'oups, the absence of general aystemfltie work^, and the 
excessive contusion that pervaded the clasai 6 cation. Neither waa it easy to 
decide on any satiBfiictory method of treating the subject* During the next 
two yearB, however, suverftl important catalogues and ayatematic treatises 
appeared, which induced me to reaume my woikj and during the last tliree 
jeATS it haa occupied a large portion of my time." 

And what, the general reader will probably ask, has the author of the 
work attempted P We sball endeavour to explain. Animal life etiats in 
nlmoflt every portion of the globe; indeed, for conTenience^ we may liaiume 
that on every portion of the earth animal life is apparent* But we tind aa 
we travel through, auppose the foraat« of Brazil, or the regions of Upper 
India, or in the Arctic provincea, or ^rain in Ansti^lia, a very dtffei-ent set 
of animals, Thua in one we fi^nd all the creatures havei more or less, marsu- 
pial pouches, a* the kangaroo ; in another we find the old-world apes ; in a 
third wo find elephants, and bo on. Then again in point of time— that is, 
suppose a million of yeai-s — we find similarly a peculiarity of distribution of 
animal existence* For example^ we find one type of animals succeeding 
anotiier aa we pass from the older to the more recent fossiliferous deposits, 
Now in both these cases it is of importance to find out how it happens that 
such diifereat forma of life <*ame in these local itiest^ both of space or of 
surface, and of depth. Of course, if you took the view that every animal 
was aeparately created, there would be at once an end to the whole discus- 
sion ; for then you wovdd have uken ii for granted, not that the animal cf 
any particular locality arrived there ages ago from elsewhere, but that it 
was created on the ^pot. That would be an exceedingly singular view ; 
and, unfortunately for his convenience, the scientific man must give it up at 
once* Then for him come* the q^uefltion^ How did these several races extend 
from one pan of the world to another ? Why, for example, should we find 
fossil in this country animals the same as tho&e now living in Australia ? 

It is to this excesE^ivuly difiicult task that Mr. Wallace has partly devoted 
his attention, though of course he hm had in the first instance to en- 
deavour to arrange all the unimala which are on the globe into a seriei of 
groupsj so as to have those that are closely related lo em)h other aa to dis- 
tribution i\3 much together as possible. And Mr« Wallace has discussed 
the various schemes that have been suggested by different writers, and he 
has come to the conclusion that there are — as long since proposed hj Mr* 
8clater— six regions into which the world may be divided* These are 
fl) P«/flpaHiC| which includes North Europe, Mediterranean, Siberirt^ and 
Japan. (2) EtAiaptmi, which compripes East, West, and South Africa and 
Madagascar, (3) Onrntal, which includes Ilindostan, Ceylon, Indo-China, 
and Indo- Malaya. (4) Amiraiictn^ including Auatra^Malaya, Australia^ 
Polynesia, and New Zealand* (S) Neetropicnlt including Chili, Brazil, 
Mexico, and Antilles; and (6) i^^ifdrdiK conaprehending California, the Itocky 
Moun tains p the Alleghanies, and Canada. Now taking these great groups 
aa the primary division of the animal world, the author traces evi^tf genua 



rOPULAH SCISI^CI EBTTKTT. 




408 



of Tertebmte AulniaU nlong tbcse Hnea^maniinfils, blrdf^ roptikf, mtid fitb. 
And with lliis bbour i^ tha greftter pftrt of these two huge Tolumca fiU^d. 
The general reader will find u eerlea of engraviugs airaiiged as pklus 
throughout the volume, which will much help toward puttitig the idensof 
the author cl early before him. Each of th(^e repre^nt a di vision ^ aod 
shows together ihe Aulmali tlmt are included in it« Mr. Wailfice thiaka 
them well executed j Utit we do not at all agree witii him, for we couftidtr 
thitti hard, and generally bndly drawn, StiU, they lend a great interest to 
the work* The mapi, which are ahundant, are itUo Tery valuaMe ; but 
we think the author a method of iodicating tbe dilT^renl degrees of height 
by differeneea of shading h extremely perpIej^lDgT for the diatincd<iDa are not 
ftbeolute but jL^rndiial, and the confiuaon resnlting from tbl» is fery great. 

But even admitting ibesa flight objections, the treaiifie la o>iia ©f tlie 
highest scientific importance; and for ourselves we mu^t expirefts ^usu 
extreme gratitude to the author for his Iftboura — kbours eit^eated puj«ly lor 
the benefit of science, and whicli can never be repaid by amy monetary 
return they may bring* 
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ON thia important subject w© have now before us twci works^ which, , 
th ugh di (Tering in charactet — th e on e being an elabn rate Re po rt of t ba | 
progresa of a single epidemic in America, which extends over morts than ^ 
1,000 pages; the otber an equally important treatise oii Atiiniic cholera aa 
it preset} ta itsf^If to our notice in India — haio yet much thnt in Jn commiiii 
between them. We shtill take the Americnn volume lireL In this moit 
valuable Ileport on the progress of a ^ngle epidemic, it ts proved conclu^vdy 
thftt tbe disease did not arise sponfftneously,Uut wtia introduced by irnmigraaii 
from European countries* (if course there is a certain amount of eridenca 
in tbia work that tends to an opposite conclusion, but it is almost exclusifaly 
ndfaUTe in character ; and where anj opinion adverse to the belit^f in tha 
apread of the disease froui Europe, and primnrily from India, is expreaMdf 
It is generally the idea of some iadividual reporter who haa had little or na 
experience in the subject. 

Throughout the entire work^ which includes the rartoua iiiiaU«r H^pcitla 
of hundreds of pbystcinns^ we notice the same features in the history oi ikm 
disease that are presented by every undoitbted cas« of Afeialic cboWra. -Vad 
we are glad to obaer?© that the unthor, or rather the editor of the work,; 
poiuU to the extreme importance of attending to the very lirvt i*ympton)M ol 
(ijarrbcea that present th e nisei ves. It is really becnuse of tbe noglect of t 
matter that cholera produces such an intent falality* We obdorfa 
lhe«e American mmm are precisely similar to tboM which we hara i^eti 
thia eountryj and thoso which were unfortunately amply abundant Iq the 
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* *^ The Cholern Epidemiu of 1^7,1 in thij United Stales/' By John M* 
Wondwurth, Ml), WsMliingion ; Ooremment l*rintijig OWmv. 1875^ — 
** A History of Asiatic CJ»oki'»«/* By C, M*icnnmfira, l%Cr*^ Surgeyci U^ 
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Indies. That h to &^y, first there ib diftrrhoeB, wliich la painless hut copious ; 
thmi ptiiiJ, Tomitmgj cramps of the extremities, eiokiog of tempetature, hlue^ 
ness of ikin, colUpae find death* It i« to be noticed that theae Ileporta 
include those both of the civil and miiiUry services, and that the klter ii 
inijDitely the most lucid, full and scientific. There la also in this Tolume a 
valuable notice of previous epidemics, from the time of Ilippocratea (b^c* 
400-370) down to the year 1873. We note abo an important series of mapi 
jind plans, by which the reader is greatly assisted in ftrri?ing at bis con- 
cluaioni. But perhaps the most valuahle part of this American Kepoit is the 
portion devoted to bibliogrtipby. This has b<?en carefully edited by Mj* J, 
iS, BiULnga, and extending tm it does oTer more than 300 pages, iucludea, 
in aJplj«bet;cal order, everything that has been written on the subject since 
it began to have any literature connected with it. This one feature will 
make it a treatise that must be referred to by all v^ritera and readers on the 
subject of cholera. Indeed this Report is a moat thoroughly creditable one. 

Of Dr* Macnamata's work— which is in some respect* quite s different nne, 
having to do rather with the origin both as to locality and nature of the 
diseriAe— we have not the less highly to speak in pnuae. It is a work which 
the author has addressed to the educated lay reader as well as to the phyai- 
ciaOj hut we fear the number of persona outside the medical world who are 
interested in cholera is extremely small. However^ the hook is of imports 
ance to all who consider tbe ques^tion, How is this plague to he arrested P 
And we are glad to see that ^fr. Maccamara holds distinctly to the theory 
that cholera ia only communicable through the swallowing of some portion 
(if the di^harge which has come from a patient sutTering with the diseaae. 
Thua he beHeTes — ns we and nearly all ratio nal pbydciana do — that tbe 
disease is not by any mi^ana infectious, and that it is not contagious in 
the ordinary sense of tbe word. He believes, then^ tbat it is conveyed 
horn town to town, and from country to country — ^in point of fact, from 
Bomhay to New York — by the medium of water* Of course ships may 
not have their water iafected^though there are undoubted cubits cited 
from the Cnmean war, in w^bich the water waa the means of convoy^ 
but then the disease htis not hud time during the voyage to die out, and 
thus cases are brought to the different intervening ports— let us say, 
between Bombay and London, And the author deals exbaustiTely with 
the many theoriea that have heeK, from time to time, put forward* To 
^count for the propagation of the malady thus, he deak very fully with 
the intiuence of winds in spreading tbe disease ; and he sbow?, in the must 
conclusive way, that the atmosphere has no agency whatever in the 
di^tribtilion of cholera. In a similar manner he treata the subject of 
food and meteorological iniluenoes, as heat, log, &.c.y and he shows that 
ihey have no LDfluence over cither the origin or the spread of thia fearful 
affection. 

We ihink that 5Ir Macnamara has, on the whole, gone too fully into 
the eeTeiml courses that cholera has taken from time to time, for we 
afe of opinion tbat a very brief abstract would have been am ply suffi- 
cieiiL We note also that he has aaid almost nothing as to the primary 
acNBce of the fungusr— for fungus it undoubtedly h which originates the 
milfidy^ — and we think that Dr. Lewis has already done some good work. 
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In tys direction. StiJl the book i& a moet TiUrin^te one, and mn^t 
carefully read bv all tvho are irat&Te«t©d in ilie questioDa^ llow does cboleift 
eome in the first iufitance P nnd Bow is it pABfiedfrom hutDiin beisgto human 
being in tbe second ? 



THE BOOK OF WEATHER SCIEXCE,* 

WE doubt whether Measra. King cotild hire cho«eii a be tier aabject 
A ficientiiic book^ and we are sure that, Laving made the aelectioi 
tbey could not b&ve hit upon oDe who h not only one of oar beat metecH- 
rologists, but who h in ttddlUon a cWar and condie wriler, more s 
fiully than tbey have done in tbe cftse of this Tolume, called *^ Weathi 
C hurts and Storm Warnings/* Mr, Scott has here given us on indgbt into 
the working of the Meteorological Office, and tbe production of tho^ map* 
which everyone now sees in tbe daily papers, but which few, we feAft 
undei^tand. However, it will be discreditable now not to coinprt*bend 
dearly the tri^fliigs that are every day ptibliahed in the pres^. The autbor 
has had a. double difficulty to deal with in the production of tbe pretant 
Tolume, for he has had to bear tbe brunt of iBsying the iirst work that 
baa ever appeared on the subject ; and, in addition, he has bad to pre{Nifie a 
aeriei of itatementa on some points that are, as he is obliged to eonfea% ai 
yet hardly satisfactorily imderatood, ^till, be has laid tbe questton on 
which he has written clearly and without prejudice before tbe r^ad^r, 
while at the same time he writes as a true scientific worker, who ia |iw- 
pai-ed to see nmny of the theories now adopted completely annihilated ia 
course of time. He says that be aims at discuiaing the present condition 
*♦ waatber knowledge, as distinguished from the science of meteorology it*elt 
• , » In trpating of a science now in process of rapid development, it can onV 
be expect«d that every year will add to our knowledge, and that many 
the principlea stated in these pages will be extended or modified by tbs 
results of fiubtequpoi experience/* 

The book is divided into eight chapters, which cover about 150 pag«a> 
These deal mth the following questions: — The materials availably fof 
weather sttidy ; tbe wind ; tbe barometer j gradients ; cyclunea and anil- 
cyclones ; the motion of storms and the agencies which appear to alfect It 
the use of weather charts; and, lastly, storm -waniingf. Then follow 
series of appendices, A, B, C, and D, which refer to certain rfimarkahli 
weather reports tak^n by automatic instruments in Valencia, Aberdet?n, aw 
Falmouth. Of course the author has not much to say on the first subj 
in the above Iiat« The materlale are almost as well known aa tb^ wealhej 
glass itself. Still, some of Mr. Scott*s remarks must strike tbe gtmetil: 
reader as of importance » For example in telling ns that thp chanc« of rail 
depends to a great extent on tbt dagrae of bujuidily of the ajr, and that ** 
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^ • ** Weather Charts and Storm Warnings." By Bolwrt H. Scott, MA 
¥.11.8. With numeiona iUustrations, London : Henry S* King ^ Col] 
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we are dealing with reports from an extensive tract of country, as North 
America, or the continent of Europe, the distribution of the moisture or of 
the Tapour-tension will afford great assistance in tracing out the probable 
motion of storms." He here shows us, what many are not aware of, the 
great importance of the wet-bulb thermometer, for it is by means of this 
instrument that the amount of moisture in the atmosphere is ascertdned. 
And further on he points out the important fact that most of our meteoro- 
logical stations are situated at the sea-eide, where the atmosphere is 
almost always laden with moisture. They are, therefore, by no means so 
valuable for the determination of advancing rain as the more inland 
observatories. 

In regard to the barometer, or rather the weather-glass, taken by itself 
as a guide to the state of the weather, Mr. Scott points out that this 
method is utterly absurd. We must quote him again on this point : — ^ Let 
us take, for example, the word ' Change.' This is placed opposite the 
reading ' 20*5 inches,' which reading is naturally supposed to be taken at 
sea-level. If the barometer be removed to a station situated Miy 600 feet 
above that level, the corresponding reading will be about 20*0 inches, so that 
the whole scale will be half an inch out, and the error will be greater the 
more considerable the height of the station. The lettering is, therefore, 
again wrong, because it does not take account of the necessary reduction of 
the reading to searlevel. Once more, the range of the barometer is far 
greater in winter than in summer, so that the rending which corresponds 
to ' Fair ' should be much nearer to < Change ' in summer than in winter 
. . . The words are, in fact, little less than utter nonsense,** 

The subject of gradients is very fully gone into by Mr. Scott, and the reader 
will follow his remarks with considerable interest. The chapter on cyclones 
and anti-cyclones shows us clearly how much work remains to be done to 
satisfactorily clear up our knowledge on the subjects. Indeed, on this 
question, which is complex enough, we do not see that very many con- 
clusions can be drawn. However, such as they are, the author gives them 
to us. Another problem, that is certain to be more clearly ascertained as 
researches go on, is that of the motion of storms and the agencies affecting 
it. On this, too, Mr. Scott has told us all that is known. Of much 
interest are the author's observations on the connection (for there is an 
undoubted connection) between sun-spots and cyclones. He says, '' Of late 
years Mr. Meldrum, of the Mauritius, has shown that the cyclones, for 
which that district of the Indian Ocean enjoys an unenviable notoriety, 
have been more frequent in some yean than in others, and that these epochs 
of maximum frequency occur at intervals of about eleven years, coinciding 
with those of maximum sun-spot frequency." He then asks the question, 
why it has been left to Mr. Meldrum to arrive at this discovery P and he 
gives two excellent reasons why it should have been so. 

Then he points out the nature of the well-known storm-signals — which 
were frequent enough in Admiral Htzroy's time — and he shows us what we 
certainly are surprised to learn, that there has been great success in the 
prophetic department of the Meteorological Office in regard to its signals to 
Hamburgh. He says, '' A system of warnings for Hamburgh, from our 
office, has been in operation since 1867, and the general results are tba^ 
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THIS book was amlertakei] with the view of p t oi i KiiiBg 4o itidjr 
Sfkno^nphj* Unf*5rtunatelj it ifl bo large and coatiT a work as t» 
be caleulHted to a«t aft a deterreQt fTom that ratbef drf, becauoe bcri*iofart 
uiiprodtietiTi^ puisuiU It was very well for Mr. Nasmnh to prodiSOO ft 
cofit) y Ii04i»k fiJX the moon, because bis woik wiu intended for all who lik>: 
tntt^rfKt in tb(3 wondefB of AAtrooamj ; and^ adorned on it was with muny 
eUborata and beautiful pbotogimjibi^ could not fidl to be geQemll j all 
tive. But a work like the pi^aent eon oolr meet the wants <if a 
limited Eection of ttie astronomicAl publlCf and probnblj only a amall po^ 
lion of those even who take special interest in selenogmphy woold eaio to 
purchsBe a book wboee retail price is a guinea and a half. Wo §mff 
therefore^ that Mr. Nelson maj have to watt long before the teoood edttioo 
referred to in the preface of this work m called for, unless indeod be bai 
prudently reitricted the first edition to a f^w huDdred* instead of tbo «tt^ 
tomarj tboueand, or the larger numbers to which puhUsber* ejdeod tbv 
fifflt editiorii of more attractive worksp 

Regard! og this work as a general treatise, to which chaimcter It in tooio 
degree aapirea, we must confess we cnnoot perc#ive its rauan ^Hif^ U 
gives the history of lunar research too sketchily to be of much vmlot in tbil 
roipoct^ and only touches upon the peculiarities of the lunsr motions^ with* 
out a full account of which a general treatise on the moon h like llmiiti 
without tbe Friuoe of Denmark, Mr. Neiaon enters into a weU-tneanl bi 
perfectly futile attempt to show that those astronomers have been altogethi 
mistaken who have oBserted that the moon " has no atmofpher© of ao, 
iipprt'cUble iniportance,^^ and geQcrally that tbe moon ia at present 
itlterty unfit abode for any kind of liie» animal or ve^etable^ And hero wa 
cannot but notlco a very objectionable feature of tbe work — ^tbo dvdiof, w» 



• **Th*i Mf*on; and the Condition and Configurations of it< Sut^ea. 
By Edmund Neison, F.ILiLS. London : Longmaoi* 18711, 
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mstj sUtnmt say insolent tone, in ^bicb om flutbor eeta on one side Ute 
opinions of men lilio Sir J, Ileraehel^ Madler, atid others, in some cases 
witliotit even aajiug whoae opinion it is ^hich he thiia rejects^ One sen- 
tence of the preface i^ m clmracteristic in this reapect, that we quote it in 
full ;—" As it has been in general aasnmed^ entirely witbout any found a- 
tion, that tho moon can bava no atmosphere of any Appreciable importance, 
it has been considered deairable to point out how entirely baseless tbjfi 
view is, and to show not only that the moon may possess an atmosphere rela- 
tively little inferior to the earth's, but also that the entire evidence we 
pOiSeas on this subject is strongly farourable to the moon possessing such an 
stmoapbere/' We need hardly say that Mr» Nelson entirely fails to carry 
out^B Taunt, or that the great astronomers whose opinions he so cavalierly 
eets on one side have not adopted baseless views or made assumptions 
'^ entirely without any foundation/* Wo believe 3Ir. Nelson isa compAro- 
tively young man, and be has manifestly much to learn about the t-oiivt- 
nanctB of scientific writing". Will he pardon us if w© point out that whereas 
it is perfectly legitimate and proper for any man to advocate viewa opposed 
to those held by the highest authorities, it is altogether improper to assert 
of the opinions of such men that they are '* utterly baseless," '* entirely 
without foundation,*' and so forth. Even the wisest, as wo all know, may 
err, but only the most foolish would adopt opinions without a particle of 
evidence in their favour^ and the great men whom Mr. Neison profesaes to 
controvert were not foolish by any means. 

To indicate the character of Mr. Nelson's reasoning on these matters it will 
only be necessary to remark that after expressing the opinion that the surface 
density of the moon's atmosphere may be equal to about l-300tb part of 
the density of our earth's atmosphere , he maintains that this exceedingly 
rare air would decrease considerably the heat of the lunar day and the cold 
of the lunar night It is true he believes that immense quantities of aqueous 
vapour rise into the upper strata of the lunar atmosphere^ interrupting 
the solar beat, and " preventing the solid body of the moon ever rising 
above its mean value *^ (whatever that may mean), while "in the same way 
the fall of the luuar temperature during the long lunar night would he pre- 
vented by a similar cause " — a most astounding assertion in the presence of 
the established laws of physics and of what is known about the raoon^s 
condition. 

The selenographical portion of the work maybe divided into two sectioiWj 
first, the maps and descriptive matter ; secondly ^ the fomiulffi. The former 
section is on the whole good, hut would have been much improved if the 
maps had been more uniform in character } as it is^ some detaila are intro^ 
duced which would require a good telescope to ebow them, and some omitted 
which a very moderate telescopic power would reveaL The formulte are for- 
th e most part useless to selenographers. Those who can follow tbem as they 
appear — of whom we may be permitted to doubt whether Mr. Neison him- 
self is one — could have no occasion for them in this book j but those not 
sufficiently acquainted with mathematics to obtain all the formula? necessaiy 
for fielenographical work, would most assuredly not be benefited hj this 
section of the work, which does not possess a mngle explanatory plate or 
woodcut, though it extends over nearly fifty pages. 
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THE W;1RFABE OF SCIENCE 



PEOPLE who bare received flufficient education to tell them of the Mi» 
tory of Europe during the middle or d&rk agBS, are aware of the f* 
ful contealA wbicli took place between religion— then uoder the g^uardUnahi] 
of Pap a! aduiinistratioD^ — ^uid science, tbe pursuit theu of the few. 
hifltoiy of Galileo, Yesaliuf, CoperuicuB — or Kopernik, as he ii flometitnfi 
etjled^ — which ought to be popukriBed ino6t extenaivelyi shown what the 
Cburch haa dooe towards reprBasiug knowledge iu timee gone by. And in 
tbis respect we muftt not he too savera on tbe Roman Church, though it 
vfEB powerfully excited against the progress of scieuoe; for wa ^d that even 
Luther bimflelf, whom Frotestanta are always iinging the praiaea of» waa 
ia bis way aa completely opposed to edentiSc advance aa many of the 
Papal inquiaitori. Dr. Dickson Bhow* «a this in tbe following paaaage ;— 
*^ Justice compels me to say that tbe foundera of Protestantism were no len 
^ealoua againat the new scientific doctrine* Stud Martin Lutber, ' People 
gave ear to an upatJirt astrologer who strove to abow that tbe earth 
reToke&, not the heaTens or firmament, the sun and tbe moon. Whote^r 
wishes to appear elerer muatdeYiie aome new ^ttem, which of all systema i«| 
of couMe, the very best Tbia fool wishes to rtTerae the entire edenet otmstm- 
noiuy. But Bacred Scripture tells us that Joshua eommanded the aun to 
stand still and not tbe earth.' ^* And to this quotation from Luther migiit^^ 
ba added many others, more especially from the wiitinp of Philip Melanr-^l 
thon, all of which condemn, not l&ss atn»ngly than the Papal powezi^ the 
scientific philoaopber. 

But it is remarkable that the power of the Cbureb — whether that of Borne 
or of England— is exerted as industriously, if not as succeaafully, ftgabat . 
acience in the present day as it wad in the times of Pope Paul V. There b| 
no incorrectness in the fojlowing^ statement which is made by Dr. Tyndalliu' 
the preface to the hook before us : — " In our day the Roman Church above all 
others aims at the revival and perpetuation of this wrong — stnving after JiJ 
domination which she never fitted her^lf to ejterciee, and whiehif enemsedf 
could only bring calamity on tbe human race. Ignorance alone can give ber 
any chance of success ^ but with igODtance to work upon, her conduct in 
Spain may be taken as a gentle illustration of what it would do elaewhtiti 
Gentle, I aay, because unabashed as she eeems, we must aacrihe aome po wot 
of restraint to tbe knowledge that her operaUons are earned on in the full| 
blaze of intellectual day/* 

But if we would see how far religious opposition to freedom of thought] 
has gone even within the past twenty -five jeart, we have only to lefer to I 
two instances which Dr, White very wisely calls attention to* In ISOI A I 
numberof men in England drew up a declaratioD which was sipedlrf A* 
de&iite feWf who expressed their "sincere regret that reieaichea into 
acienltfic thought are perverted by some in our time into rrnrmn'riti fitr miliiiy 
dcn^t upon the truth and mtthor^y of th^ Hdjf ScriptureM.*^ Kine-teutha of 
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tBe leading icleutific men in tlie country refused their Bignatures, whikt Sir 
J, Herschelj Sir J- Bo wring, And Sir W. Hamilton fid ministered through 
the press the most crQshing rebuke to thoa« who had got up the cijrculiiT* 
And finally Pi-ofeBsor De Morpnn, in a parody, ** eovered memorial aod memo- 
rialists with ridicule/' W« trust that this little book will help to allay 
Bome of the fears which reli^ous people feel in regard to science, which can 
nerer come into conflict with genuine religion, Xba one is a ma^ of teach- 
ing all deduced from facts. The other haa to do with those peculiar yeam- 
iDga which all possess at some time or other, and which cannot be sup- 
pressed by any amount of teaching in minde of a certain stamp. 



ELEMENTARY BOTANY,* 

rIS is, with one or two exceptionsi an admirable little work, well illus- 
trated and cleverly written, while its woodcuts are most numerous — a 
point of immense advantage^and are generally well done. Withal, when 
we state that it is published at sixpence — which means that it is sold at 
ahiut fourpence — our readers will bo not a little astonished. The writer, 
Blr, W. Eland, is master of the Educational School at Duffield, and he has 
certainly done well in getting up such a book for his own and other pupils^ 
The work is well done, save in the horrible selection of Hi at barbarism of 
harbarisms, an artificial system of classification* Why did not Mr, Bland 
choose the excellent natural system to he found in Bentliam*a *' Handbook of 
the British Flora " I* We think, too, the postacript by the Rev* J* Smith might 
have been written in plain English, or omitted altogether, AVe object to 
iCDteaces for children such as *' Corrosive sublimate plm saturation,*' and 
that dngukrly umieceasary and pedantic expression^ '* cu Unary beat" 



A POPULAR FERN BOOK.t 

lITJi think there h an abundance of books in the market on ferns | indeed, 
T f we may almost say that it ia glutted* And therefore, unle^ a book 
is written on this subject which has peculiar views of its own which tend 
to make it distinct from those which have gone before it, we think there 
b no juBtifi cation for its publication. W^ell, now, can we say aught of the 
work l>efore ua that will help us to place it in a category of its own P W^e 
think we cao. tt is a book written by one who is evidently an intense 
lover of f em-life, and it is intended rather to awake a love for fern culture 
than to help the amateur botanist to study the group as a whole, or to find 
out any particular speciea he may have com© across in his wanderings in the 



• <' Notes of Lessons on Elementary Botany," By W, Bland. Part T., 
First Year's Course, with 140 ijluatrations, London ; Bern rose and Sons. 

t " The Fern Paradise, A Plea for the Cnlture of Fema.** By F. G. 
Heath, Second edition. London i Hodder & Stoughton. 187G. 
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country. Its raiwon d'etre u tbetefnr© di^tbct enough . How baa the ftUtl 
done his work f On ihB wholes well* Still there are objections to he m^a 
In the first place we nccu^e him of a desire to make & book. Thit ii qiiii 
clear. Indeed, everything that has been swid In the nearly 300 
might have been easily put into half that nuiaher* Then, agwin, llie author 
is l&x and tallcative where he should be precise and terse. We note abo an 
utter abaenco of illuatrationfl^ uave the coloured frontispiece. Thi?< is a itiU- 
taket eapeclally as th^ author admits that hia deseriptlnits aro inexact 
Haw can the reader tise the book f Still it haa passed through & lecond 
edition, and we suppose that is an adequate reply to our queries. Neri 
thelesfl we fancy if illnatTationa were employed it would soon reach a 1 
edition. 




YIOTOEIAN GEOLOGY AKD PAL/EONTOLOGT* 

THE catalo^e by Mr. Ulrieh contiuns a detailed description of an ^teo^ 
aive aeiiee of rocka, illiiatmtive of the jT^ologry of Victoria, the claastfi- 
cation heing mainly based on that given by Dr* Zirkel in his work on Peti 
graphy* Interspersed throughout are some Talunhk notes on the diitiil 
tion and characters of the various rocks, and their modes of occurre^i 
Prom these it appears that the basalt tookE are extensirely developtKi 
Victoria, beings estimated to occupy from G^OOO to 7,000 square miles of 
surface. They appear to belong to two distinct periods ; the older^ and m 
widely distributed, oocnrred at the end of the niit>cene epoeh» the newer 
eruption coramencinfr towards the close of the pliocene epoch, and seems 
have continued into the moat Tcoent post-plioceue times, the country 
pled by the two basaltic flows diflerin^ very much in its physical faat; 
Of the FalraoEoic aeiies, the Silurian rocks occupy a large area, and are 
mated to be about 3'5^000 feet in thickness, and as regarda th^ minersl 
capahOities, the Silurian, as a whole, is the most tm porta tit lock fbimatjon 
to the gold miner, on account of its containing the matrix of the gtild io lbs 
number of veios, lodes, and reef^ of quartz that traverse it. 

The Tertiary atmtji, however, whether regarded in their economical of 
physical aspects, occupy hy far the most prominent place in Victorian 
geological history — either of sedimentary or volcanic origin* The itxata of 
this period are distributHd over fully one^haif of the surface of the Colooyi 
varying in thickness from a few to more than k'^OO feet, and ranging from tha 
sea-level to elcTations of over 4,000 feet. They are of mlocene, pliocpni 
and recent ages, the two latter having a far wider stirfiwL^ range than 
older murine tertiary deposits, and are the most important, as ihvj omheii 
the auriferous drifts which, with the associated streams of basalt^lava, bs1< 
at least to three distinct periods of deposition, the earliest not older thall 
the pliocene, and the newest is probably due to causeM still In operation. 
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* ** A Descriptive Catalogue of the Spedmens In the 1-^ ■- 
Technological Museum, illustrating the Kock Systtm of 
G. a F. Ulricb, MX, F,G.a Melbourne: iSl^.^** Pr 
ralif3ontolog>* of Victoria," By Prof, F, McCot. Decadt) IIL M. 
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The dfcttde bj Prt>feaigo? McCoy is ti continuatioii of the d^acription of 
the cliftracreoatic Victorian or;g-fluiic remains^ and containa a number of illuB- 
tmtiona of tlie fosails of the tertiary fortnutiuns, and some other forms 
interesting to the gi*ologist. Among these b much additional information 
as to the cUaractors nod df^ntition of the aiugolar animal ^ the maivupial lion 
of Owen, and illuatrationa of eome new tertiarj- apeciea of O^prtBOj Aturia^ 
I^tirotamm-iii, and Tritjoida^ the latter two genera abounding- in themeaoioic 
rocks, but of t^xceaaive rarity in recent and tertbry times, m that the species 
here deicribed form an interefiting^ addition to the hLalory of the distribution 
of theae genera io time and i^iace. Some species of trllobites are also figured 
which are absolutely identical with fortn« ftboundin^ in the upper Silurian 
Tocka of Europe — ooe of them British, and the other commou in the Silurian 
biiaia of Bohemia— ab owing the wide range of similar ipecies of trilobites, 
like those of graptolites described by Prof. McCoy io a previous decade in 
the seas of the palGeoioic period. 



THE SHELL MOUNDS OF FLORIDA.- 

riTHIS memoir by the late Professor J* Wyman relate* almost exclusively 
X to the shell niounds and shell fields on the banks of tbe St. John^s 
River in EiiJit Florida, whif^h^as far as at present known, were the dwell- 
ing-places of the earhest inhabitants of the region through which thia river 
flows* But little is known of the origin of these antiquities, whieb were 
lon«2: conaidered to he of natural and not of artificial origin^ These mounds 
consist entirely of certain species of Unio^ AmpxtUaria^ and Palmlina^ of 
which the hitter forma the largest portion of every mound, aod with a 
few Unios the whole of some. Sometimes one species forms considerAhle 
deposi ta by themselvea without the admixture of the others, hs if at certain 
times tbey bad been exclusively used as food \ occasionally other shells, as 
Melanine aod Helices are found, but in Tery small numbers* The mounds of 
St John's appear to differ from the shell mounds of other rivers of the 
United States, which latter consist almoat ea^clusively of Unios, those of St. 
John's being peculiar as affording the only, or at least the chief, instances in 
which the Ampullariaa and Pal ud in as have become to so large an extent 
articles of food. They are also different as to their characteristics from the 
mounds on tbe sea-coast, which are composed entirely of marine species of 
shells. 

These mounds are almost in all c^ses built close along tbe hanks of the 
river, usually in the form of long ridges pamllel to tbe shore, rising aome- 
times to tbe height of twenty feet or more, and resting either on ridges of 
sand or river mud, or on land slightly raised. They are often pi need at the 
union of the river with a lagoon or creek, or at the outlet of a lake, such 
places probably giving the natives ready access in canoea to large areas ftir 



• "Freshwater Shell Mounds of tbe St. John's Eiver, Florida." Bf. J, 
Wymaoj Peabody Academy of Science. Fourth Memoir. Salem, Maaa. 
1875. 
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liuntinjj and fishing, fts well a« for bringing together Ihe diffepent Fp«dfi 
shells of which the mouads are made up* 

Ffom the varioufl interesting facta brought together in the paper, sod 
eepecidlj from tbe preaenc© of fire^plaeeft, aahes, calcined ehelli, char* 
coal J and implements, t^^gether with the bonea of edible animab, and ooea* 
sionally those of man, found at various depths from top to bottom, and tbi 
ahsence of everything which mig-ht have been made hy the white man, 
BeeinB certain that these moiiudi were the tiecumulation» bj, and tbe 
ing^pkces of, the earliest Indian inbabitanta during the fiucceawve 
of their formation ; and that some of them, and perhapa lUl^ werecomplele^ 
and had been abandoned before the white man landed on the! tthorea of 
Florida, for the aigas of their great age are to be found not only in the 
moonda being covered bj dense forests, but in their partial deatnictlon bf 
the riverf the growth of Rwampa, and the consotidatson of the eheUa tbrottgb 
the percolation of water charged with lime. 
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AMERICAN GEOLOGICAL SURVEYa» 

OF the eight papera contained in the third number of the '* Bulledn," 
two are devoted to geology, three compriae entomological aubjectJ, ooa 
on a contour map of tbe Unit^ States, and the loat on tbe gmnmiitiail 
structure of the Nez Perc^ language, Dr* Hayden*a paper, which oecnpiet 
the largest portion, and full of intereating detaila, ia iimply intended to 
render the beautiful pictorial ©ectiona which accompaay it more iiiteUigihl« 
to the general reader. They repreeent the scenery along the vaOeja of tbe 
Lower Gnllatin and Madison rivers, together with two fine illustmtlons of 
different portions of the Yellowstone valley ♦ The geological structure of 
the diatriet is described, and some important fnct^ are stated reapecting the 
cbannela of the riTers of the West, from which it appears they do mi 
necesBartly lie along any fiaaurefi, anticlinal and aynclinal depreadona, but 
teem to hare, in the majority of oisea^ cut their way dLrectly acroaa the 
line of fracture, thus carving out deep gorgea through the loftiest mounlaln 
ranges. The notea on the tertiary and cretaceous periods of Kansaa;, by Mr. 
Mudge, shows that the former rocks occupy about 9,000 squane miles, and 
that the cretaceous cover more than half of the surface of tbe State. In lb© 
paper by Mr^ St. John^ a further account is given to that previously publiibed 
by Dr, Hay den, of the region of the headwatera of the Canadian rit«r, 
which for its geologic interest and scenic features is considered not to be tx- 
ceUed by any similar extent of country in the Weat ; from which tt 
appears that tbe upper basin of the Canadian la underlaid by cretaceoni 
strata, overlying which are deposits of tertiary age, including portions of the 

♦ **Notoe of aome Geological Sectiona of the Country about the Head- 
watera of the Missouri atid Yellowstone Rivers,' * By ¥' V. Ilayden, iS:c^— 
'* Notes on the Geology of North- Eaa tern New Mexico,** By 0. Bt, Jiyhn.— 
** Bulleiin of the Qeologioal and Oengrapbical Survey of the Territories.*' 
Vol* U,j Nog. 3,4. WaabingtoiK lB7a 
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great lignitic formation, with its deponts of coal and iron. There are also 
eyidences of considerable igneous action of recent date, as dykes are found 
trayersing both the cretaceous and tertiary strata, altering the rocks through 
which they pass. Among the peculiarities of this basin of the Canadian is 
the terrace-like steps or benches — yariable in height and distinctness of 
definition, according to the nature of the deposits — and which are the records 
of early shore-lines in the drainage of the ancient waters which occupied 
the region. 

Other portions of the district are also described, of which many interest- 
ing details of the geological and phydcal structure are given. The remaining 
papers of No. 3, which complete the second volume of the ''Bulletin," 
comprise descriptions of some carboniferous and cretaceous fossils from 
Vancouver's and Suda Islands and other North-western localities ; a note 
on a singular cretaceous crinoid, apparently related to Marsupites, from the 
Neobrara group of the Upper Missouri ; and remarks on the geographical 
vaiiation, especially as to dzoy among North American mamniftlB, 
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ASTRONOMY, 

A MITHERTO Unnoik^ tnequality in the MomU MMm m LmgiMf. 
'^ —Vtofea&oi B. Newcomb, of tbe Washington Obaarrfttory^ kaii sotked 
an irregulftrity of the moon's motion wbich at preaent li«i reoetired »o ex* 
planation. After applying all the known correciion^ to the oWrvationa ot 
the raoon at Greenwich And Washinglonj fron^i 1W2 tn 1874, " I w«a mt- 
pri&ed,'* he writes, ** to find fijstemntic errors outatandini^f which cotdd not 
be oorrected in the lunar elements* Of their realitr thert» could be no 
fleriouji doubt, hecan^ the Greenwich and Washington ohservAtions igfc«d 
in flhowiup them. At fiwt I wba disposed to attribute them to in«qua|iti<e 
HI the fiurface of the moon, but a more careful observation «howwi UiAt tlie? 
were periodic, and developed on the moon's lon;;^itude, being at £rstpQ«tifa 
when the longitude was between 18(F and 300^, and negatiTe in ^m f&m 
semi-circumference. But this waa found to be tubject to a sensible altetvlkiit 
the point of maximum pmitive error moTing forward to about CP, aod that 
of negative error to 180'' in the couTse of a few yeaiBi' ohoervations,*^ The 
maximum amount of thia inequality is T'-fi, and itt period ia 27-4304 daj» 
+ 0O040 d, " There ia a large preponderance of probAhili^ea,'* laji Pro- 
feasor Newcomb, *'agwnst the real period being eitber less than 27"42 dmp, 
or more than 1^7^44 days. No known term in the moon'a lonpttide Mh 
between these limits. The moon^s sddereal period is 27 32 dayi, and h» 
anomalistic period is 27*^5 dayg, ao that the new term falla half way betwecft 
these two. The non-accord ance of this period with that of aoj term htn- 
tofore aought for is the reason why this term has not before Wen notind. 
A term of unknown period would not be remarked unless its ma^itude wtf 
such as to Tisibly alfect the individual comporisona of theory with obterta- 
tions^ and llansen^s Tables, as corrected, are th« tirst ones of which the 
residual errors are so amall that & term of V'^ would bo remarked in the 
comparison with obaervationa*'' 

The Atm&qyhere of Vmm^ — In 1840 Madler and Clausen publiahid 
tome obserrations of Venua when near inferior conjunctiott, which akofrad 
that the sun's rays underwent & eoiiaidevible refraction from tbe aj 
of tk(^ planet. Mad!er used the followiug formula :»- 

Let F» the angular diatanCQ between tbe eentfie of tJie aim 
^^ the prolongation of the cuapi of the planet i S, ibe aenu-diamater of tht 
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Bun ; <^, tlie radius vectef of Vetias. Then the horizontal lefraction fo of the 
atmosphere of Venus was found from the equation^ 

C* = i\^ - t)» where aa ^«aiii T, sin x. 

Bf this formula Sliidler found the horizontal wfiaetion of the atmosphere of 
Venus to be 43'7. 

Stmngely enough^ the Aatronomer Bojal to whom Mtidler sent hia result, 
and who communicated an aecoutit of it to the AatronomicRl Soeiety, 
detected no flaw in the lormuln, nor did the editor of the ** Monthly Notices,^' 
who puhliBhed it. Prof, Lyman, also, of Yale College, Conn,, U.S.j 
employed the formulA unchanged to reduce his measurers of the prolongation 
of the cusps, as oWrved with a 0-in. refractor^ in 1800 and 1874, getting 
46' *3 and 44' ^o for the horizontal refraction of the planet*s atmosphere. We 
may learn from this how necessary it is to examine carefully e^ery formula 
one may have occasion to employ iu acientific work, no matter what 
aathorittes may hare given it their Banction. For, after idlj the formula waa 
wrong, Mr, Neison, in a Paper recently read before the Astronomical 
Society, Bays, " A note by Mr, H. A. Proctor, in the ' Afltrnnomical Register ' 
(October 187^), induced me, as soon as I had ibe lei^ure^ to examine this 
formula of Madler^a, when it was ut once apparent that as tt had been em- 
ployed by Modler and Lyman it was defectife. Instead of the angle Vj or the 
angular distance between ibe centres of the sun and Venus^ as seen from the 
earth, which they had used, they should have employed the supplement of 
the angle between the aun and earth, as seen from Venus. In consequence 
of this error, the value which they have deduced from their observatioDs for 
the horizontal refraction of the atmosphere of Venus is incorrect/^ Making 
the correction indicated by Mr, Proctor, Mr, Neison obtains as the mean result 
of Mrtdler's observations 54''4ti The four obserrationa by Lyman in 1874 
give B&'M, 51'*54, 54''63,and r)r'*4Ct,the mean value, 5-^^*50 ngreejng closelj 
with the result obtained from Madler's, Combining both series with Lymttn^a 
results in 1800, Mr, Neison obtains 54' 05 as the probable horizontal refrac- 
tion of the atmosphere of Venus ; wlitsnce we may infer that the surface 
density of the atmosphere of Venus is not far on either side of l'8t)2 timea 
that of the earth*s. 

Ivmgmed Specithr M^^ximt frt^m Surface o/ Vmm, — Mr, Brett, the 
landscape painter, who some time since startled the astronomical world by 
stating that he had seen the solar corona when there was no eel ipso and 
without telescopic aid^ htis lately made another remarkable dif^covery, stating 
in a paper read before the Astronomical Society (but i^ruelly suppressed by 
the editor )t that he had detected unmistakable specular reflexion from the 
surface of \''enus, Gapt, Noble was led to investigate the q^uestion* *' Hit 
fiiat step was to examine the planet with the telescope in the usual way, 
and no signs of specular retiexion could be seen, lie then, using a power of 
255j interposed a graduated shade of dark glass* The fi rat part to fade away 
was, of course, the fainter portion near the tenninalion, then the cusps, and 
finally the bright part of the limb ; not the slightest sign, trace, or indica- 
tiott of specular retlexion being visible." 

l^totometric Experiments upon f e/iiw^^Mr. J. J, Plummer has made 
^me photometric experimeuls upon Venus by a new and ingenious method^ 
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based oa the tact that the lij^lit of Vanufl is so strong tli&t o¥jeeta pkoed la 
it ca3t a weIl-de£Qed aliadow. (Mr. Ptomnier aomowluitetmngelj mjs tliat 
Venufl b fieqtientlf brigUt enough to cast a well-defined ghiidow !) ** The 
plan I have adopted/* he Rajs^ ^' has been ia compare the light of the pUiuet 
with that of a standard sperm-candk bunung 120 graini of wax per hour, 
and to yaij the distance of llda until the shadow it casts upon a aczeen of 
white paper bas an equul degree of intensity to that given by the planet It 
being found impo^ible to get the two shadows on the same ecraen^ aeptfiti 
screens were arranged for each, and brought as near to each other as posdUe* 
The wrrongenieut was therefore a modi fi cation of Eumford's photoixieler* 
The objects of which the shadows were observed were two equAl cyliniiiieal 
steel wires of ^incb diameterj pkced in a dark room, nine feet in froDl of 
their respectiTe screens j but the judgment was further aaaisted by noting alia 
the shadows of the wooden laths to which the wirea were attached, end of 
which the thickneis was about | inch. Theie conditions were pi%st!rr«d 
tbroug-hout the ifvhole of the observations* To protect the candle from 
wind, it being necessarily placed in the open iJr, it was fixed within a lasteei, 
iffhjch WHS itself enclosed^ except upon one side^ in a rough wooden boti 
painted a dtilt black. These precautions ate balieTed to have been suiEciesi 
for their purpose/' The result of these observations is to assign to Veni 
at her greatest brilliancy almost exactly one-800th part of the Hght 
the full inoon. As Bond's obaenalions assign to Jupiter at mean oppoatioa. 
one -04 30th of tl*e light of the full moon^ and^to Venus at her greatest brilliancy 
4 ^i04 times the brightneaa of Jupiter, it folio wu that Mr. Plumme/i eatimate 
of the brightness of Venus exceeds by about 05 per cent, the eatimats 
dedncible from Bond*s obseirationa (oDe-l^]22nd part of the light of the full 
moon)* Mr. Flummer conmdars that ** since the meihods employed are en- 
tirely disf^imilar, and since Bond^s investigation has chiefly to do with the 
moon and Jupiter, both of which Bond observed at altitudes generally nmch 
greater than that at which the observation of Venus is possible, this ditoord- 
ance does not prove much/' Perhaps not ; but, in our judgmenti it disprofai 
a good deaL 

Proper Mdum of Bright JS^oU on Jnp^w, — Mr, Brett his oliBemed 
that some spots on Jupiter during the late oppowtion were aBectad bj 
a considerable proper motion. As these obaarvations required only a good 
eye for position; leliauce can in all probability be placed upon thefti. Mf. 
Brett has not corrected bb coniputation for the effects of the planet's retAh 
grade motion ; takbg that into account, the spots obserred would seem tft 
hate travelled at a rate of fully 150 miles per hour. This is not quite » 
great as the proper motion of a rift obaenred by BoJtcndell of Mancbestsr, 
one end of which traTelled at a rate of KX) miles per hour for a period of 
at leasft six weeks- The spots observed by Mr. Brett were judg^i by hin 
to he 0,000 miles in diameter, and from the character of tbeir shading aad 
ihadowa he regarded them aa globular in form — an opinion whidi frill 
probably not bo accepted unleas stronger evidence cnn be adiraixced b lis 
faTonr* 

Th^ Binffs of Stttmiu — Mr. Trouvelot^ of the Hanaitl Observatory, Cam- 
bridge, Masa.f has made some interesting obset rations upon the riagi of 
Batum* From these it appears tbal the rings present all tboae ehumeltsh 
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istics whicli we aliDtild expect fioni their now generally recognised couatitu- 
doD. Id particular the dark ring, the pbenomena of which liave been 
thought by some to be inconsiatent with the theory that the rini^ am made 
up af multitudes of Bmall flatelliteiij hoa presented appyamtices tor which no 
€tber th&orj aeems able to accouut. The mferiai^ portion of the dnrk riDg^ 
where it crosa^ the disc of the pliinet, loses itself in the pknet^s light. 
ThiB ling again m no longer transparent across iti entire width, but is denser 
near it9 exterior part, in encli sort that from about the middle of its width 
to ita exterior edge it doej not permit the edge of the planet^s dhc to be seen 
through it* Lastly, the mutter composing the dark rbg in aggregated here 
and theiti in amall masaeB, which id moat entirely prevent the light of the 
planet from reaching the obaerver* 

Dtipliciii/ of the Solar Dark Line 1474. — Professor Young haa made an 
important ^iscoveiy by showing that this now celebrated line ia douhlei the 
components being separated by about fth of a division of Angstrom's scale, 
or by about ^^^^th of the distance between the D lines. Only one ot the com- 
ponenta belongs to the spectrum of iron, and doubtless the corona lino 
which had been sattflfactorily shown to correspond in position with 1474, 
accords with the other component, not with the component belonging to 
iron* To what element the corona line really appertains has yet to be 
determined. 
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The Ceitw Muot &f Pmra. — An interesting paper to botanists who are 
lovers of the antique is given in a late number of the ** Journal of Botany " 
by Dr. Masters. The part of moat antiquarian interest is that which refers 
to the Celtic race, to which the Persian, French, and Devonshire forms 
Ijelong, and is itself a quotation. It ssya : — " Dr. Phene visited Brittany, to 
trace practically any connecdot'-if such could be found — between the 
legends which connect the * Isle of Apples* of Artburinn repute with that 
locality, and those which connect it with Britain. King Arthur, it appean, 
is supposed to have been buried either in t!ie Island of Avalon (Glastonbury) j 
in England, or in that of Aiguillon in Aruiorica, the equivalent of lele of 
Avalon being Isle of Apples. An island in Loch Awe, in Argyllshire, has 
& Celtic legend containing the principal features of Arthurian story, but in 
this caae the word is * berries ' instead of apples. Thes*e particulars were 
fully given in a paper read on June 10, 1875, by Dr. Phen^ before the Royal 
Historical Society, in which he expressed a beUyf that the legend of tfie 
mystical Arthur waa derived from the character of Arjuna given in the 
Indian poem, " Miihi Barata*" After eloisely examining the Island in Loch 
Awe, and Avalon in Bomersetahire, he concluded his researuhes by a vit^it to 
Armorica, Brittany. He tiure obeerred a tree which helped him to the 
apples of Avalon and the berries of Loch Awoj for the apples on the tree 
were berries. The spedmen he has submitted to ns is the PiriiH cordtifa of 
De«vanx, and it is interesting to note, in support of Dr* l*hen^*s argument, 
that it has been foimd in Western France-^perhapa in South- w a**™ 
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England, if tlxe plant found by Mr. Brings near Pljmoutli, and c&lled hf 
Dr, BoBwell-Syme * PyruB communis, vai-. Brip^gsii/ be tbo finme — ftnd no* 
wliere eUe in Europe, Botb countries bad tbeir vrmUim sborea occupied, 
Bnterior to the mva&ion of the Cjmrj, bjr ft peculiar race of people baTbg 
strong Orieotftl cbanicterislics, and wbidi people »ome authori describe m 
occupviog the country as far north aj Ar^ryllshire — the evidences of sncli 
occupation having' been laid before the British Association *t Brialol in 
September 1875, in Dr. Phen^*9 paper on that subject— while the SKme tree 
ifi found on Mount Elbruz in North*east Peraif^— a country not Temote fffim 
that wbicli formed the arena of Arjunn'R exploits^ and whence it would mmm 
to have been imported to the west of Europe," 

0/» Fhrcd yEititiotion. — The Rev, Q. Hen alow read a paper on the above 
subject before the Linnean Society on June L Mr, IIeni*low referred to 
bta previous paper read before the Society, in which he regarded the oppoiita 
aa the fundatnenttil arrangement of phjUotaxy in Dicotyledons, and described 
the varioua modifications of imbricate leativation. Starting from the ofdi- 
naiy pentastichous or quincuneml mode, in which two leavea of tb«* cycle 
ure external and two internal, wbikt one is half outaide and half in^ ipedal 
attention waa called to the "half-imbricate'* and ** imbricate pioper'^ 
methods^ in both of which there are one ejEtemal, one internal, and tbna 
intermediate leaves i the " imbricate proper" ia converted into th© convolttle 
mode, in which all the leaves are interniL^diflt*, by the (irst leaf of tbe cycle 
being overlapped by the adjac4;nt third leaf The *'Texillary *' and *'^ cochlear" 
modeSf and those of many other ixTt^gulur flowers such a* Cassta, aro to ht 
referred to the *^ half-imbricale/' The author agreed with Profeii#or A, Omj 
in distinguishing *' convolute ** from " contorted" A new theory of tbe 
nature of cruciferout flowera, which derived them from a primary type by 
iymmetrical reduction of the parts in each whorl, was explained f lod 
eh«mtis was objected to m an explanation of the pairs of long atamenfl. Tbo 
frequency with which the corolla is found to develop* subBequently tc tb» 
Btamens was also mentioned In objection to Pfeifer'a view of tbe corolla of 
Primula being an outgrowth of the andrcecium. 

The. //j///?*y^t>pic Mtihftnism hi/ w/nvh Seiil* hurt/ thgni$^»m Wis aoiil# 
time ago the subject of a paper read before the Linnean Society by Mt» 
Francis Darwin, the son of the celebrated naturalist, and it is tbna reported 
by the "Journal of Botany" (Na 161):— "The aeeds observed were iboiw 
of eeveral grasses and of Attem&m inofiinntt, but Stipa pennntn was ^^pmatly 
examined. Thia hm a rtrong awn, the lower part vertical and twiated with 
two knees, nnd a long horizontal upper feathered portion. M^uslun* caitMft 
theapiral portion to untwii^t and the horizontal part tt> revolve, the lciie«a 
dia^ppearing and the wliolc awn becoming straight ; drtiught reverses the 
ppocessa. In nature the Hat fuiithered portion k readily eu tangled in vegi*- 
tation, and the seed rests vertically with its point on the ««oiL When thii 
spiral untwists with moiature, the horijsonlal part l>eitig pre^rented from 
revolving, that motbn is transferred to the seed, and to thi« btilng added 
prt*asure on its point it becomus sere wed into the ground. With drymew 
and the revenfinl of the screw the seed is not drnwn out wgain, but curiously 
b thrust tieeper down by additional mechnni^ui. Utmi acts in ihn ».amt> way 
as moif ture. The cause of torsion aa exphdned by Hildebrandt and UaiiMdtt 
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the ftuthoT thioliB iDaufficietit, nnd shows tliftt the power residca in tlie in- 
dividuftl cells of the awn, whicli when ifiolated behave ppeciaely m the whole 
awn, with regard to moisture, heat, and dryness J* 

A Lichen rare in Great BHtmn,^The occurrence of Thelocarpon Litureri 
in Britain h so rare, that its appeJirance in great quantity h worth recc»rding. 
Three habitats are given for it in Leighton^a " Lichen -Flora/' all in Sbi-op- 
shire j and, saja Mr. W* Phillips^ writinjf in the ** Journal of Botany/' No. IQly 
'* I have now to add a fourth, also in the &arne county* In the autumn of 
1874 a plantation on the ArcoU Hill, an outlier of the Wrekin^ by mm^ 
accident was set on tire, and a large portion was deatrojed. The under- 
growth, constiating of heatber, bilberry, brakefern» &c., waa so dry that no 
efforts were able to arrest the flames till the whole area enclosed by the 
cart-wavs for drawing- timber was left bare and black ; these formed an 
etfectual ban-ier and arreated the conflagration. The damage extended over 
sevend bund red acres, hmt autumn a new growth of vegetation begaii tn 
make its appearance on the charred surface, amongfit which were consplcu* 
oua Marclmntm }mhjnmi^ha^ Fxmana hi/^rottidrka (la Charbounifere), seed- 
lings of l^€^Hs afiftiiinaf and a q^uanlity of fungi, t?uch as AffurthtJi curh<marut§f 
Fr., Pezka Irach/vdrpa^ Curr., Jilnsina nntitdata^ Fr. CJn visiting the place 
tbia spring I found on the peaty portions a large quantity of Thdticarptm 
XatireHf in email patches from an inch to a foot across, extendipg over a 
Tery large area. At iirst aight I miatook it for the early growth of a 
Lichen-thallus, but when once recognised the ejo became accustomed to iti 
peculiar citron colour and scattered mode of growth/' 



CHEMISTRY. 

Errors of the Ne^a Cfdnlug\t& of tk&. Loan Cdleefwn.—'Thi^ *^ Academy" 
(Auf^'uat 12) has publiabed a report on this book which has dealt justly^ but 
ieverelyj with the authors, whoeTer they are. It aayi :— " While the ool- 
lectioti may he justly atyled scientific, that term cannot be applied to thd 
method in which the ohjects are classifted in the catalogue, and many of the 
blunders are of such a character that it is hard t<i conceive it poasiblo that 
they could escape tbe notice of a printer's reader, still less that th**y should 
paBd unchallenged tbe scrutiny of a scientific editor/' After giving a rniKA 
of the errata, the arttde thus concludea :— " In printing tbe namea and ad* 
dresses of the contributoia tbe same want of accuracy has been shown, and so 
we read of the ^ Physical Inatitute of the Univeraity of Freileigi Ikden/ la 
many casea the foreign namea of piecea of apparatus have not been translated 
at all, although an Eogliab equivalent ia to he found without difficulty ; we 
meet, for example, with auch words as ' (5luve,* * stativ/ * hobine/ &C, f 
others again which have beeo rendered into Engliah are not in the form 
familiar to the man of science : such are, ' charcoal sticks ^ for carbon 
points J * effective substance' for active principle, Kkove pile/ ' cbroi tee 
crystals/ * rhomboid of Iceland spar/ kc. The mode of rendering other 
aci entitle terms in common use in England is equally unhappy, and of 
these we may Inatance ' atteriem,^ ' apparatuaea,^ ' a chemical harmonica./ and 
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* Spee-ge«r^ bottle in case,* whateTer that raay be ; wbile the te 
gmph' is still retained iu the introductioD* The blundera «ppei£ to \n 
impartiaHy diictributed over the various aub-aections ; while wo hate ' wol- 
fram pbaapbide/ ' eiliconcftJciurrJi' and * mollbdate of lead/ on the one bund, 
we meet with *Kemala^ and 'Saborandl' on the otlier; and Amoo^ the 
roc!i& and minerals^ * Troosbte * for troostite^ * dimyte/ t^peat^ for d unite, 
'Garnet fila/ * Bosed felsjte/ * Hokstbarowite/ &c. Finffllly, we will confint 
ourselvea to directinfjf attention to about a dozen of the errors in the 
of persons which we have met with during^ a BuperBdal examination of tliii 
revised edition of the Catalogue : — * Andrew ' for Andjewt, ' BerxlUtu/ 

* JVilstdn * for Beilatein, * Cloea ' for Cloei, ' Sir Hurapherj Datj,' ' Bisen* 
rohr ^ for Eieenlohrj * Erltenmeyer ■ fof Erie nni eye r, * Fritsshe/ * Kakuli * for 
Xekule, • Ilutlerow/ * Rudnen * for Rudneff^* Schick * for Schick, ' Sienigia* 
for Siemens, * Smith ' for Smitbson, and ^ Wroh leaky * for Wroblevaky." j 

Nitrogen and Aihumen in the Milk of Wont&n and Oymt^^Dtt. LeflM 
LiebermaDn slatefi in Liebig'a Annalen (Bd. 181, Heft 1), that both in 
Bninner a and in Hoppe-Seyler*s method a considemble part of the albumi- 
noida esciipes precipitation. Haidler s method, on the other band^ givea Cht 
tobL] amount of the lacteal albuminolcls^ which may also be entirelj tItiQWii 
down by means of tannin* In addition to casein tind albiimen a tMrd ud 
diatinct albuminoid body ta pi-eaent, but there ia no nltrogtnous body fooad 
in milk except such aa belong to the albuminoid class. 

American diemical SmliUj. — The " Cbemiod News ** of July 14^y0t]lit 
at a meeting of AniericoD chendsts^ beld lately at the New York College of 
Pliarmacy, it waa resolred to fofm a society to be called "The Americftn 
Chemical Society," and at a anbseqnent meeting the following offioori and 
committees were appointed i^Frt^idait — John W, Draper, Vice^Preddimti 
—J. Lawrence Smith, Frederick A, Genth, E. Hilgnrtl, J* W* Mallet, 
Charles F. Chandler, Henry Morton* CorrmpomliN^ S^retm-tf — George F> 
Bcirker, Jleatrdw^ Seeretttri/ — Isidor Wals* Treasurer^^\ SI« Habi; 
shaw, Lihrarimi — P. Caaamajor, CurntorM — Edward Sberer, ^V 
Nichols, Frederick Hoffmann, Committee* on Papen and PiMi 
Albert IL Leeds, Herrmaim Endemann, Elwyn AValler. Committ^ w» Xi 
tiofimts—E. P. East wick, M* Aleberg, S. St Jobn, Chas, Frobel, Chas. 
BLillwell 

77* p Aeticm afctfimn FiUsn hasi been gone into by Mr, Alfred Waiikl^ 
who reports as follows in the ** Chemical News" (July 14) on the action 
the ^* Silicated Carbon Filters," which, a» we have already reported la 
former number of this journal, are unquestionably the best specie* of fill 
A solution of hydrorhlorate of morphia in eommon London water wiji pi 
pared by inking 1'320 grma. of liydrocblorate of morphia, diadolring it 
water, and diluting the solution to 10 litres. In this manner a aoluti 
containing 0*132 grm. of the hydrochlorate p^r litre of water was obtffini 
Submitted to the ammonia proee^, this aolntion was fouod to yield f' 
in.grms. of albuminoid auimonia per litre* Fire litres of this aolution 
then allowud to run through tbw same silicated carbon filter which had b»^en 
employed for the experimenta on quinine, described before, and the /5 liijtt 
of filtrattt were then thrown away. In Ihi!^ manner the most aitnplt dlt- 
» hurt? rue lit of the liq^uid occupying the pores of the Alter traa aoattuftd* 



I 




S€I£l9i:iFia 6tJMKA£T» 



427 



AlK>iit5more litres of the solution were next run thn>ugh t3ie filter, and the 
filtrate wai eiajninud with the fallowing results : — ^Milligrams of albuminoid 
ammoma pef litre of liquid— No. 1, 0*06 j No, 2, 0*04, Showing how com- 
plttelj the filtmtioii had removed the morphia from tlie eolution, Aa &. 
further corroboration, advantage was taken of the reducing propertiea pos- 
sessed hy morphia, which decolourised stacdard solution of permangaiiAta, 
and which ma^ be titr&ted with Buch a dolution* Before submitting it to 
filiratioa, 100 cubic ci^ntimetrcfl of the aoludon of morphia reduced 6 '5 c,c« 
of deciDormal permanganate Evolution, After filtration^ 100 c,c. of the liquid 
did not reduce any appreciable q^uaotitj of the permauganate. Thua it has 
been proved that one eingle filtration through a thickness of G inches of 
" eilicated carbon " is sufficient to remove morphia from a solution contain- 
ing 132 in.grm§« of the hjdrochlorate of moiphia in 1 litre of water (or 9*24 
grains per gallon). 



GEOLOGY AND PALAEONTOLOGY. 

The Gtotogif of the CmTma Marhlu Mr* G, A. Lehour makes the follow- 
ing observatjona on this subject in the '* Geological Magaiine '^ (Jul} J* The 
Btatuary marblea of Carrara have in turn been referred to the — 

1* Eruptive seriea. 1829, SavL 

2. CreUceoos. 1B33, Savi. 

3^ Oolite (without further specialistation). 1845, Savi* 

4. Pflleeo^oic, probably Carbooiferoua* 1845, Coquand. 

6. Juraasic and Liasaic. 1846, Pilla. 
a Infra-Lias and Rhietic. 1847, l^lla. 

7. Lower Lina, 1851, Savi and Meneghini j 1B60, Cocchi; 1862, SavL 

8. Base of Verrucano (Triaa or Penuian), 1802^ CapellinL 
0. Lower Carboniferous. 1864, Cocchi \ lt«75, Ooquand, Generally 

admitted* 



I Let ui hope that these ill- treated beds have now found a permanent t^^t. 
Still it is painful to see how long it haa taken fur the truth to prt^vail in this 
^se. Had not the unlooked-for discovery of fosaillferoua ciyboniferoua beds 
taken place, the very clear strati graphical evidence adduced by Coquand in 
1845, strengthened by his determination of triasaic beds at Spezin, would 
' have gone for nought against the preconceived theories of high authority. 
Ths Glaciers of the North Slope of the Alps. — At the meeting of the 
Geological Society (May 24), reported in the ** Geological Magnsdne " (July), 
Professor Alphonse Favre, F.M.G.S., read a paper on the above subject. 
The author illustrated his remarks by & map on a scale of rsin^iif show- 
ing the space occupied by the old Swias glaciers at the time of their greatest 
extension, and founded in port upon evidence obtained since 1867, when he, 
in conjunction with Profeaaor Studer and M, 1^ Soi-et, issued a^ ** 4t)nel 
aux Sui^ses " for the preservation of erratic blocks. He said i 
glaciers two parts may be recognised — an upper 
glacier, and a lower one, the flowing glacier* 
old glaciers, it appears that in the glactera 
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flowing glacier which occupied tlie plda hnd a auifflce newly equai ta m» 
of th*j feedin^^ glacier which was mtuated in the mouiiUma. By mmsm of 
^Tcrftl tablea M. Favre aliowtsd the height attjdnad !^ th^se glBcier^p theit 
thickBess, the *lope of their upper surfdce^ &€,, ftt vimoui point* in the 
Alp, the JurA, and Swabia, aod deduced as the result of the oampAniiOEi of 
these numbers :— L That the Rhone glacier p«Bsed oversevernl of th« cbaijis 
of the J um^ and that the ice oov^ring these^ for from being an otistade to 
the eiteuaion of the glaciers of the Alps, actually reinforoed them, aiid 
serred theiu as re/^y^^ the glaciers of the Jura baling cftrried far on the 
Alpine erratic hlocka, 2, That the alopefl of the upper aorfaoe were riLriabk, 
and were null, or nearly ao, over ccnaiderable ^pacaft. 

On thtf IceAg& in GretU Bntain. — In a paper publjihed in the " Proceedingi 
of the Edinburgh Geological Society " Mr, Ralph Richardson gives the 
facts with regard to the shallow depths of ocejin between Great Briuuu md 
Iceland and Greenland on one side and oter the Gemuin Ocean on the othefp 
and preaenta reasona for believing that there was dry land over the region in 
the glacial era; that the glaciers of Great Britain came over this emetgdl 
land irom the north and w«?3t j and that the cold of the glacial era wag dot 
in part at least to tlie closing thus of the Arctic, and excluding thereby the 
Gulf Stjeam. T!je facts appear to sustain the conclumons, Th« depth 
between Britain aod Iceland mostly does not exceed 100 fathoma^ and no* 
where exceeds 1,000^ and olc tract of aea e^ctending in a straight line from 
tht* eastern coast of Greenland via Iceland and Faroe to Scotland doe* not 
exceed 600 i a thorns. The depth of the sea in the English Channel i« only 
about 20 fathoms^ and the average depth of the North Sea or Germia 
Ocean is not over 40 fathonig, or 240 feet The depth between Brttain and 
Oret?nland is email compared with the average depth of the Atlantic. Th« 
author closes with the concliision, that one of the mcillations of level, mich 
as hare often occurred over the earth's surface, had the effect to ** imlte 
Britain and Northern Europe with Greenland and the Arctic regions;'* '»to 
give the polar ice-fielda ncces^n to Europe ; " ** to divert the course of th« 
Gulf stream and free Nortb-westera Europe from its intluence ; and, in con- 
junction probably with some dimination in the influence of the sun, to pro- 
duce a glacial epoch.** 

Ice anil Ic^work in Nrufmrndf^nd. — In a paper on thia subject m the 
** Geological Magazine/' Aug* 1876, Mr. J. Milne gives the fuUowbg a» 
the conclusion to he drawn from *i series of observations on the subject : — 
^*lf Newfoundland bos been steadily rising' during past ages, ai it now 
appears to have done at no very remote geological period, it may have been 
beneath the surface of the ocean. During the period when it was uad*^ 
going elevation, no doubt a considerable aniomtt of debris and Wulder^ 
were dropped by icebergs over its surface; when the Ltturenliau buchboae, 
which would be the fit^t land to emerge, reached the aurfnce, it formfd a 
barrier for the coast-ice which would carry ita load of boulders and atre* 
thera with thoae of the bei^. Tbi» latter might to some degree have bwn 
inflaeutial in giving a definite clmracter to the rising area. After the iiJoal 
4»t»efgence, the climate of Newfoundland might idU have h^n a cold oma, 
and the sanm higblandi which gavu birth to the coRat*ioej probably next 
gave birth to gludeM which acooped and hollowed out a great portion oC 
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be TtiQAiEimg nsftrine drift^ and left the ialflud willi iti preaent eon tour. 
After the mining of the K^at north-east and south-east ranges, fii^t coast- 
ice flowed east and -^eat^ aad ftfterwarda the joinders followed in a gimilar 
direction, and thus pej-haps the origin of the boulders, those which are go 
cariou:3lj perched beitig due rather to the latter than to tie former. Thui 
it would seem that icehei^a and coast- ice preceded glaciers^ but to brj what 
might have come before the former of these agenta would onlj be divings 
deeper into the depths of a sea of speculation/' 

2^ Ath^hoivern of Jceimid. — Professor Xordenskioldj in the *' Geological 
Magazine " (June), has an important paper on this interesting subject. 
From this we extract the following!— ^* Our knowledge of these eruptions, 
however, unfortiitiately ii not as jet founded on any scientific examination ; 
and it is perhaps the less necessary to repeat here the io teres ting ae counts 
of thoae grand phenomena that have appeated in the newspapers, as I expect 
to have an opportunity another year of re taming to the subject, since the 
region wUi probably be yisiteii next summer by a distinguished geologist, 
well acqii^nted with the natural history of Iceland* I will only mention 
that the eruption began in the month of Dee, 1874, and then continued with 
shorter or longer interrala from numerous cmteTS situated in the interior of 
the country, partly on Dyngjufjall^ partly in the northern part of Vatoa- 
jokul, OT in the region between these enormous glaciers and the great snow- 
clad Tolcano Herdabreidt The moat plentiful ash-rain on Iceland itself took 
place in consequence of an eruption which began at the place last mentioned 
on March 2P, and the aabes which fell in Scandinavia probably belong to 
the same point of time, in which ease less than twenty-four hours was 
required for carrying the ashes from Iceland to Scandinavia ; that Is, for 
their passing over a distance of 200 Swedish miles, or 2^000 kilometres. 
Geological science has recorded many accounta of the fall of volcanic asliea| 
where the ashes have been carried by the wind to very remote regions ; 
among others that ashes had already been carriedi a couple of centuries ago^ 
from Iceland to Bergen, on the west coast of Norway ; but no example of 
so extensive a spreading of volcanic ashes with the wind, as from Iceland to 
the east coast of Sweden, is previously known* On Iceland the ashes fell 
in such quantity that at some places they covered the ground to a depth of 
6 inches, and destroyed the pastures. The cloud of ashes was for several 
hours so close that the sunlight could not penetrate it, and lights required 
to be kindled in the middle of the day. The ashes must also have fallen in 
CODfflderable quantity in the sea between Iceland and Norway, and on ita 
bottom there are doubtless found places where the remains of such falla 
collect during centuries without any considerable mixture of foreign matter. 
Here must be formed thick beds of volcanic ashes, which in the course of 
geological ages gradually harden together, and are metamorphosed to rocks 
of nearly the same composition, and therefore also strongly resembling those 
which in molten form burst forth from the interior of the earth ; and wa 
have here, doubtless, the key to the extension over boundless regions of the 
earth of strati Bed so-called volcanic rocke, a circumstance to which I have 
a.lready long ago drawn attention with reference to the occurrence of plu- 
tonic rocks regularly strRtified in tlie polar regions," 

Avm'u^an Earthquakes in th€ Fird Quarttr of th^ IVir.— In a good 
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euraraftjy of recent earthquakes, wliicli flpfenrs in the '*Ntfw York Tiroes"' 
for Jul J-, Mr. C. G. Rockwood gives the following^ flummarr of the p»potii*d 
eartliqaakes duriQg^ about the Brat three montlLB of the present year 
(1876) :— 

Jftn* 7. — ^Three alioeks at ibe Island of St, Thoaia$^ W*L, in llie mofninir, 
the first at ahout 4 o'clock, the second rit about 4.30, which was yetjmrm^ 
and the last three minates later, 

Jan. 7.— A ahock at 2.20 p^nf. at Warner and Oontoocookrill©, N",H, Ita 
apparent course wq& from west to east, and its dunttiou two mLantet* 

Jan. 8.— A shock at 4.30 p.m. at Loekport, N. Y. 

Jan, 1^. — A severe shock at midnight at China, Me. 

Jan, 2L— A shock between 3 and 4 A.jf, at San Joi^, Santa Cfuij tmi 
San Franciscoi Cal. 

Jan, 27. "Two sHocki at Adrian, Mich* 

Jan, 29, — A shock at ^,0S p.m. at Annapolla, Md- 

Feb, 7. — A shock in the citj of Mexico* 

Feb, 27.— A shock at Detroit, l^Iich. 

March 2-5-— Two slight shocks at 6 a,1l and 1 P,M* at Oakknds, Cat 

April 10. — A shock was felt in a large portion of St, Mary's Ooimty, Md, 
attended b^ a nmtblmg sound. 
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MEDICAL SCIENCE, 

Th^ Fonn m wMch Iran exUU in the Spleen. — MM, Picard and Maliflaet^ 
Starling from the fact that the proportion of Iron In the spleen is graataf 
than can be accounted for by the blood it containa, proceed to enf^niM 
whether this iron is pfesent in tbe form of some special compoundi or eamplj 
in that of hremo^lohin fixed in the splenic tissue ("Comptes Rendu V 
April 10, 1970), The latter view was found to be the correct one. The 
following was the mode of investigntion adopted. The gland waa thoroaghlj 
washed out by aUowing a stream of salt solution (ihown by Kuhne to be in- 
capable of dissolving hEemoglobin) to flow throuflfh it until it escaped 
colourless from the splenic vein. Notwithstanding the complete removal of 
the bloody the organ still retained its deep-red colour, A stream of distilled 
water was then admitted into the artery ; it issued bright red from the rein. 
After about two litres bad thus permeated the gland, the latter was found 
to have lost its red colour ^ and no longer to tinge the water lowing tbrotsgh 
it, Tbe colouring matter dissolved by the distilled water was proved by iU 
behaviour towards oxygen^ cjirbonic oxides and T^ucing agents, to he ordinal^ 
keemoglr»bin. The docolouHsed spleen was then submiLted to analyaiar and 
found to be entirely free from iron. Hence the authors conclude that iitm 
exists in the splenic tissue as a constituent of hasmoglobtn identical with that 
of the red corpuscles of tbe blood* 

A Ihmmom D^e in Wme*.--lt has re>cently been diicoTend that ikm 
aniline dye known as fuchsinef or magenta. Is largely employed by diahoiMflt 
wine-grovvftrs io France* for improving the colour of claret, and masking Ita 
dHution with water. Unpleasant symptoms have been obderred to fdlow 






1 



SCIENTIFIC SUHILIBT. 



«1 



the use of tb la nie^icftted beveraf^ ; and MM, Fettx And Hitter h&re itccord- 
mg]y made bo me eKperiments in order to a«cert8m how for tii© ndded 
colouring 'ID a tter ought to "be blamed for them (** Compt«s Rendu?/* Juia 
20, 1370). Tbey found tbat hiilf a gramme of fuchsine in solution, tnken 
on an empty itomacb, caused deep redneiks of the eaia, intensd itching of the 
mautb, and dight swelling of the gums. The wine wn» itAioed of a deep red 
colour. When the do«e was repeated day after day fot a fortnight, diarThosa 
and albuminuria wore developed in addition to the above aymptoms. When 
fuchsine was injected into the stomach or the veins of a dog, it produced 
e^ecte ainiilar to thoae observed in the human fiubject ; when the doso wiw 
Bufficiently large or frequently repeatedj albumen invariably^ made ita 
appearance in the urine ; and this symptom was found to he due to a peculiar 
degeneration of the ccrtical auhatance of the kidney a. See aliio "Academy," 
Aug« 12, 

Eescitmg Browning IWicwA^M, Woillej is reported to have devised fia 
instrument which he calls a ipit-ophore^ for re*uaeitating drowned persons and 
warding off the risk of death by a^phyxiA in certain diAeaiea (^* Compte* 
Eendui,^* Jitin \% 1876). It consists essentially of a meta] cylbder, closod 
at ltd lower end, and large enough to contain the body of a fuU-gtown man. 
The upper end of the cylinder ia closed by an elnstic india-rubher diaphragm, 
with a hole in the middJe, through which the head of the patient projecta. 
The interior of the cylinder is then partially exhausted by a sort of air- 
pump ; with each stroke of the piatoa the chest of the patient expand*, his 
diaphragm sinks, and air rushes into his respiratory passages, Olo ad vantage 
of this method of performing artificial respiration is that the air is never 
forced inte the lungs under a pressure higher than tbat of the atmosphere ; 
there is no risk of damage being inflicted on the delicate pulmonary tisaues, 
aa sometiniea happens when insufflation is resorted to. Experiments on the 
dead subject showed that the average amount of air intrc:»duced at each in* 
spiration was nearly twice as great m that drawn in during ordinary breath- 
ing. The main objection to this ingenious contrivance lies on the t^urfaco— it 
is not likely to he at hand when wanted, and cannot therefore compete with 
methods of artiGcial respiration which; like those of ^^araball liall and 
SOvester, req^uire nothing more than a certain degree of skill and readiness 
on the part of the by8taiider& 



METALLUEGY, MINERALOGY, AND MINING. 

I^oac&dtle a Vanadium MmsraU — In '^ Silliman^s American Journal " 
(July) Mr, Fp A, Genth saya that be b indebted to Dr, James Blake, of San 
Francisco, California, for a small quantity of the very interesting mineral, 
which he called *' Roscoeltte,'* in honour of Professor Roscoe, whose impor- 
tant investigationa have put vanadium in its proper place among the 
elements, Koacoelite occurs in small seams, varying in thickness from 3*5 
to ^^ of an inch in a decomposed yellowish^ brownish, or greenish rock. 
These seams are made up of small micaceoua scales, sometimes | of aa 
incb in length; mostly smallei' MiA frequently arranged la stellate or fan-^ 
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ibaped groups. Tb^y show aa eminfiDt basal deAvagft. Soft The fipeci^d; 
gmTitj of tbe pi]fe»t fcalea (abawing lesa than one per cent* of uupur ities) 
waa found to be 2*038 ; another i^pecimea ^f leu puritj gave 2-92L Ln^^ 
penrlyj inclining to aubmetalUc. Colour dark cloTe-brown to gnenlsh- 
browD, sometimes dark browniali^green. Before the blow*pipe it fusea 
eftaily to a black gla.^, colouring tbe flame aligbtlj pink. With ialt of 
phosphorua gives ii skeleton of silicic adil^ a dark yellow bead in tbe oiidia- 
ing tiame, and an emerald-greeu bead in the reduciog^ flame. Only slightly 
acted upon by adds, even hy boiling concentrated aulpburic acid; but 
readily decotn posed by dilute aulpburic acid, when heated in a aealed tube 
at a temperature of about 180^ Ct, leaving tbe mlicie acid in the form of 
white pearly acales, imd yielding a deep bluiah -green solution. With sodle 
carbonate it fuaea to a white mtus. 

The Chemical Compmtitm of DurangiU, — Mr, G. Bniab, whom 
DiineTalogical readers will remember described ibis mineral aa long h^ u 
I860, says that be is agum indebted to Mr. Henry O, Hanka, of San Fran- 
cisco, for ft new supply of the crystals obtained in r&cent explorations. 
These crystals are much smaller than those previously examined , being 
from one to three milUmetera in dinmeterj and they are of a darker shade 
of colour. Tbe former were loose detached crystals, while these are rmo- 
ciated with, and in some ease^ attached to, rolled fragments of ciystallised 
hematite and cc^^iterite. The density of the small dark-coloured crystals 
la 4<I7, while that of the purest of the brightr-coloured crystals befora 
described is 3'937. In all other physical chara^tem thero is a perfect cof- 
reapondence between the two varieties, Tbe chemical examination of tbe 
dark-coloured small crystals bas been undertaken^ at my request, by my 
ftsfliatiitit, Mn George W, Hawea, first to estimate the amount of fluorine in 
tbe mineralf which in two determinations be found to be 7 '67 and 7 '40 per 
cent, and Mr. Hawes as also placed at my disposal for this article a coia- 
plete analysis of this variety of tbe mineral. Tbe fluorina was determined 
directly by Wohler^a method as modified by Fresenins. To determine tbe 
arsenic acid and the bases, the mineral was decomposed by sulphuric add, 
and the araemc weighed as sulphide ; the alnminaf iron, and mAUgimaa 
obtained in the analysis were carefully examined to ascertain their purity. 
Tbe soda and Hthia were weighed aa sulphates and then convert^ iiit» 
chlorides and separated by ether aad alcoboL Tbe results of tba anilyds 

are as follows : — 

I. It 

Araemc acid 5S'll — 

AlumiJia 17*10 — 

Ferric oxide , . . . , 0-23 — 

Manganic oxide* , . * - 2 08 ~~ 

Soda. 1300 ^ 

Lithia 0-65 — 

Fluorine 7-^ 7^9 
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of tbe MkniwopioilSodrtj (Mr, W. CL Ba^} 

tins TfiATr ^ w^di 1i« i«liamd to ud cladikM 

This ad^liMi v«« iqluequeiiilY resad by Go^mt ( 



JUr. Ssf^ m 
Mkrmeope-^ — Thb 
gftTe a iraln&ble 
IlelmholU^s TiewB, 

who m&de a senei of obeerratioai, diovmig that rid<m e3:t«nde4 f tirtl»r tilia 
IlelmHottx^fi TiewB wumld tHlluw, Tlie«e Are now commeoted on ai follows 
b>* Mr, Sorb J :=-" Witb pefeiBDce to tlie fkcti hen© desdibed bj Count 
CadtiftcmDe^ I wish to ofl«(r & few reio&rka. It appears to me that tba 
visibility of the fine lines of Noberf f teet-plates depends on 9>eTenil diffl&wat 
drcum stances. The light mnit be thrown in snch a manner as to be defi- 
nitely intercepted by the marking on the glaat, or they coold not po^Uy 
be seen ; and we have then to casmdjN the ei«ct of interference frtngea, ai 
well as tbe qnaJity of the microecope itself, I do not see thftt thare 
ought to be any flerious difficitlty in eipkining, on Helmholti's prineiplo*^ 
the resolution of Nobert^s nineteenth band. With such an iUnmination as that 
adopted by Count Caitracane, it appears tome very probable that theioter- 
feience ffingefi would so far coincide witb the true line? aa not t*.) prevent 
a eatiafactoiy definition. At the same Ume I ana anidous to make it fUlly 
understood that in my address I endeavoured more to point out the nt«uita 
that would follow from Helmholtz*a theory, than to examine whether it li 
oris not in every respect true, I should he one of the last to wish h tobt 
looked upon as a final solution of the problem, I think many t^uasUoas 
remain to be cleared up by the actual observations of persons convenant 
with tbe theory I and accustomed to the prnctieal use of high powers* t am 
nlm inclined to believe that several crucial tests ought to be tfxnmmiHl* 
Amongst these I would especiaUy suggest the study of flnf^ Uuih^ at very 
close yet nwegrw*/ intervak, and of linea at equal intervals with one or two 
mifted mit here and there. Theory indicates that such tesU would be far 
more difficult to see correctly than lines ruled at regular ruid equal intervals t 
and an examination of such tests ought to afford much infftntmtion a*ipt^ct* 
iug both the final powers of our microscopes and the phyHic^al constitution of 
light itself, Helmholt^, of course, assumes the truth of thii undulatory 
theory ; and though in the highest degree probable, it would purhapn bii 
premature to conclude that it is absolutely certain, when nppliod to the 
explanation of every phenomenon^ especially in such a ciiAQ an tlmt utidor 
conaideratioo/* 

Diatomace^ AJmfrh^ m tJietr EMira Si^te fjy ih§ Uo{4§ of IHmU,'^ 
Some very curious observations hare been made by Profiw^rjr V, B, Wllion, 
of Baltimoroj U.S.A., which it' em to ihow that th't DlitJimacma^ whwii 
applied to the earth in which com wnn grown, absfiliitoly ]iii«Mi*il In ihuk 
entire condition through the rooU, and were iiund In thu Atetui nf ilot vmn. 
In "SillimanV American Journid *^ (quottd by tlm ** Mimthly M(rrn<i(fN|ilriiU 
Journal," August 1876) Profewop Wil*m iayij^*'Tft d* m»m thU 

theory, mj friend G. I, Poppleln, E»q., cjf thU tl 
tion of infusorial earth of the liiehmoud formit^ 
on the western shore of the Cbetaptake Jlaj- 
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hATe obtaiiied straw &om wheat so gFowa, and har^ found, after it hm 
tieat^ witli Ditrtc add, and th6 iilidous i^maina placed on the idd of Uio 
mkroioope, that it coodated wholly of t^e tUidoua ihieldi of J>iatoiiiaoe«^ 
tliaattue aa found m the infiuori^ mrfh, «;xoeptitkg that tha laig^ dlao in 
their pei&t fbim were absent (A^Utoq/tlm, Mhrmlfet^ii and Admopi^ckm 
wukkim). My ocmdumoDi^ are that they — and there prohably may ba other 
fosma — are too large to enter the root capiUariaat Puiing the coming amniEier 
I will attempt, if poafiible, to make micrometer meaaurementa of both. Tha 
discovery of Dktomac^aa in their original form tn thla wheats tmw preeluides 
the poa^bility of Uie infusoriai earth haying undergone my chemical diange 
in the aoil, dther by forming' ckemical combination with the alkaliea or the 
earthflf or by dufierlnff physical diaint^raHon from any catalytic action of 
any salts present in the aoil. In the partidei of dlica placed upon the glass 
idide, when they were completely aeparated from each other, the ouiUnei of 
the indiTidual diatoma were aha^ly and difidnctly defined. On the other 
handf when the physical action of abullition with nitiic add waa not suJE* 
dant for the complete aeparation of the partldes of the epidertnal ehield, 
there waa obeerred a marvelloiia intorUdng of the Tarioua fonns^ abowinf 
that they wore conveyed by the eap-celia directly to the aectioa of the plant 
where they were dea^ned to complete its structure. I havo eSAtnined 
ae¥eral apedmena of ^traw, taken at random in the market ; the ailicia ia 
eachapedmenconaiated of plates, very thin, and tnincated at the comenu" 
Muiioal Sand Mi'mnmtd h^nsath the Mtcrotc&pe, — A paper on thia anbj^ct, 
which IB really a aomewbat curious one, is publi&hed in tha last number of 
the '* Proceedings of the Califoroia Academy of Sdencea " (roL v). He »i 
that " in order to ascertain, if possible, the cause of the aound that is 
duced by the sand &om Katiaij presented to the Acidem j at a former mi 
ing, I inyestigated ita structure under the microecope, and I think the facAl 
I have aacertvined fully ejq^laui the manner in which the sound ia prodtiotd 
Aa the grains of sand* although small, are quite opaque, it waa naoeawry to 
prepare them eo that they should be suffidently trail s parent to readar thiiil 
itructure yisible. This was eSbcted by fastetilug them to a glaaa dida aad 
grioding them down until one flat aurfact was oblatnad, Thia wm^tm ^m 
thea attached to another slide, and the original slide being i^morad, tht 
aaiid was again ground down until sufficiently transparent. Tha giaiM 
wei« fodnd to be chiefly composed of small portions of coral and apparaoUj 
calcareous apongea, and preeeutcd under the micimcope a most interoiitifig 
object They were all m^re or less perforated with naAU holee^ in aoioo 
instances forming tubes, but mostly terminating in blind caf itaaa^ whkh 
were frequency enlarged in the interior of the graina, communicatuig with 
the surfsce by a small opening. .A few Foraminifene wem dao met wi^ 
and two or three specimena of what appeared to be a minute biTalfia i^elL 
Besides theee elements, evidently denved from living heiiig3| the sand eon* 
tained small black panicles^ which the microscope showed to be fanaad 
principally of crystals of augi to, nepheline^ and magnedc oxidfi of troo^ im- 
bedded in a glassy matrix. These were undoubtedly Tolcame aanda Thi 
structure of these grains fuUy^ I think, escplabs thi? reason why anuisd Ji 
emitted when they are pet in motion* The fiction agatm»t each oth«f 
Tihratious in their substancei and conaequently in the sides of tha CftTtI 
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they contoin ; and these vibratiotm being commimicated to the ftir in iLe 
eavideSi under the mostfaTourable conditions for produdng soundf the result 
u the loud noiaa which h caused when anj large mafis of »iind is ^et ia 
motion. We hnve, in fact, miliiona upon millions of reaonant cavitiea^ encli 
giring out 6ound which may well swell up to resemble a peal of thunder^ 
with which it has been compared ; and the comparieon— I know from nthert 
who have heard it— ia not exaggerated. The effect of rftin jd preventing l he 
sound is owing to the cavities in the sand becoming filled with water, and 
thus rendered incapable of originating yibrations," 



PHYSICS, 

A New Frnyn of Mountmn Barontetcr hsis been described by Mr. Emmons 
in " Appalachia/' Jane 1876, the first number of a new American jnurnal 
devoted to mountaineering pursuit*^. In the ordinary mountain harometer 
we mufft cany about witli ug a tube of nearly a yard in length j hut 
Macneiirs instrument need not be more than half thia length. The tube is 
open at both ends, and the lower end paHsea by an aii>tight conni^ctiou 
through the top of a cylinder^ which opens only in a tube below, connecting 
It with the mercury ciatem. The botti:tra of this cistern is of soft leather^ 
reiting upon the end of n verticnl acrew, aa in the Fortin barometer, nnd the 
whole cistern, with its mercuryj may be si^paratad from the tube and carried 
independently, the liquid being retained bj a stop-cock. To use the instru- 
mentj it is hung vertically, and the PC?rew is turned up, forcing the mercury 
into the cylinder above. Then the liquid rieea to the level of the bottom of 
the open tube, the air above it is confined in the cylinder^ and is then under 
the atmoflfpheric pressure* Now, if we continue to force up the mercury we 
compreM the air in the cylinder, and the liquid riies to a corresponding 
height in the tube. This compres^iion ia continued in all measurements, 
until the mercury in the cistern rises to a certain fixed point The corre- 
sponding height of the mercury column in the tube, as read upon its 'ecalef 
will be greater or less, according as we are reading at the sea level or upon 
a mountain, and if the scale hiM been previoiialy graduated by comparison 
with an ordinary mercurial barometer at different presaures, the atmosphi*ric 
pKesflure may he read directly from it The error in reading thia instrument 
It greater than in the Fortin or other barometer?, and it is also liable to 
error from some other sources \ but it is an extremely convenient form for 
trajiaportation, since the mercury may be carried ceparately from the tuhe^ 
and the whole instrument ia hardly more than half the length of the shortest 
gypbon barometer of the same range. 

New Experiments with the Radiometer have been conducted by JI. A, 
Ledieu, and are reported as follows in the '* Comptes Rendus^* (June 12) 
and ** Chemical News " of July H:— The radiometer waa found to continue 
revolving when submitted exclusively to a pencil of Inminous mya falliug 
parallel to ita axis. The author, however, does not draw the conclusion to 
which a superficial and systematic examination of this result might seeiu to 
leadi The experiment performed by M, Salleron at the suggestion of th^i 
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ftutlioTi eondenina decidedly the doctrine of eimiBsiaii aa ftaexplniuitioiL of dia 

movement of the radiometer, 

E^vparimmts with Frozen JD^narmU. — Some intefOfftiiig exptrimeiLta were 
recently made ftt the worka of the British Djuamita Compaoj, At SteTenaton, 
Ayrfihire, with the view of proTing that djiiarnite in a frozen Btate is as sufe 
to handle und to transport ns in an «n frozen state. They ftr© re|iorted in the 
** ChemicMil News, ■' July 14, Professors Jamea Thomson and Bottomley, of 
the University of Glasgow, were pre&ent. In the first e:xperiment, ^vnml 
cartridgea in a frozen state, and in aome parts beginning to tbaw^ wens thru' 
one by one from the hand, with great foiee, af^nst an iron ptate, withi 
exploeion. In the second experiment, a block of iron, ahout 400 lbs, 
waa allowed to fall from a height of ahout 20 feet on a light wooden Vsa 
containing 20 lbs, of dynamite cartiidgoH in a frozen ^-state* and with alight 
iigng of incipient thawing in spots more exposed to the waroith of the lir* 
The box wan fimafthed^ and the cartridges were crushed fiat and pounds 
together, but there w«» no exploalon. The crushed cartridgiis were n«t 
made up into two heaps to he exploded. The ordinary detonator sbaUeil^ 
but does not explode the frozen dynamite. The exploeion waa therefm* 
effected by inserting in each heap a small unfrozen cartridge, with tbf 
ordinary detonator inserted into it^ Jind then firing this off by a Beddbd 
fuse. The two heape were exploded Buccesaively, and it i§ worthy of rannfic 
t bat the explosion of the first^ though very violent^ did not iet the lUk/K 
off. 

Soimd AUraction^. — A recent number of <* Si11tman-s American JomBal**^ 
which, by the way^ is remarkable for ita admirable summary of Phjaeil 
Science— gives the following account of M, Doorak'a recent inquiriw. ft 
aaya : — " M, Doorak has examined the Attractiona and repulsions of imill 
pendulums hung near sonorous bodies. A square of paper or a piece of oork 
b hung by a aiJken thread, and held near a wooden rod, vihratbg dowly 
Varying the poaitiona of the pendulum, it is sometimea attructed and loine- 
times repelled* These motions aeem to be due to the air-currents approach- 
ing or receding frnra the rod, and the motions of the cork served to determi» 
approximately the directions. These results were verified by the m ' 
of a flame and the indications of a very sensitive water manometer. 1 r . 
thrust aside by the vibrating rod escapes laterally^ repelling light bodivL 
This is replaced by air forming counter-currents toward the rod, prodiiclnff 
the effect of attraction. When the amplitude of the vibrations ia small tie 
rod acta like the prongs of a tuning-fork, and attraction takes place Is avcry 
dir^tion. In front of the opening of a tube of Kundt, is placiMl a Mseooi 
open tube, giving the same sound as the firsts and suspended by two Tbri^i 
flaking the first tube resound loudly, the second tube la strongly rej^eM. 
The same effect is obtained if the second tube gives one of the tumnooki^f 
the first Placing two tubea facing each other opposite the tttW at KvaH 
and purpendicular to its axis, ihey tend to approach each otb«r. With i 
very sensitive mnnometer it appears that in a column of air in aatateiif 
permanent vibration, the air at the nodes has an excess of pr^ssanr^p Tbi* 
accounts for the heaping up of water in the loops of a tube of KundL lU 
IS explained by admitting that the amplitude of the vibraliona cannot ■ 
fiPirlected compared with their length. It foUowa that ther« otiglit to bt C 



SCIMSTIFIC SUMalAfiY. 



437 



continuoua motion of tJie mr from n node to a loop* Tbia might be proved 
by filling the resonant box ol" a tuning fork with the fumes of cbloride of 
lunmoniiini^ nnd aeeiag if tbey are thrown out when the fofk ie let in Tibra* 
tion. If a bell is lilted with water, and a drop of oil allowed to fall on it, 
the circular film becomes quadrangular when the bell ia sounded. The 
water-cun-enta start from the nodes^ and accumulate at the loops* A disk oC 
glass is attached to the end of a rod ribrating longitudinally. If a glaaa 
drop is hung oppoeite tho disk, it wilt h^ repelled at the centre and attracted 
around the periphery. There are then, as with air, cufrenta outward at the 
centre, and counter-currents inward along the edgtjs. 

Tempera furif of the Interior of the Earth,— Frota obiiefvationB made on 
the well of Spreuburg, near Berlio, M. Mohr (*' Les Mondea/* May 4} con- 
gI tides that at the depth of ^,170 feet the increoient of heat must be nil. 
A similar decrease of the increment of heat has been obs^rred in the Arteaian 
well of Grenelie, Hence M. Mohr draws conclusions unfavourable to the 
rintonian theory. 



ZOOIXXIY AND COMPARATIVE ANATOMY. 

ImprtputtioH of the. Boa-Cm ttruM^r, ~ln a recent number of thd 
" American Naturalist/* Mr. S. Lockwood makes some interesting observa- 
tions on the egj^s of the above animal — in fact, he puts a very important 
question to the physiologiat* He ssiys : " yiy friend Dr. Kunz^ has shown 
me an infertile egg of a boa which he lately obtained at the Central Park 
menagerie* The boa laid twenty-one eggs, each about the %he of a ben's 
egg^ The animal made t be deposit in sight of her keeper and others. She 
laid two fertile egga, and then a sterile one, in regular euccemon ^ each third 
egg was sterile. The fertile eggs had each a young boa within. One came 
out of its shell immediately after being laid, hut sood died. All the others 
died within their shells. Tb© sterile egga were albuminous througbout, and 
cut like cheese and snielled like sperm-oJL Could this be the balance of an 
impregnation received the year before P 

The. Cat iM a Siihstitufe for tlte Carrier IHfjeon* — It seems that the Belgtani 
have formed a society for the mental and moral improvement of cats* Their 
firat effort has been to train the cat to do tbe work now done by oar nor 
pigeoue. The most astute and accomplished Rcientidc person would have 
hia iduas of locality totally confused by being tied up in a meal -bag, cnnied 
twenty miles from home, and let out in a strange neighbourhood in the 
middle of the night This experiment has, however, been repeatedly tried 
upon cats of only average abilities, and the invariable result has been that 
the deported animal haa re-appeared at bis nativre kitchen-door the next 
morning, and calmly ignored tbo whoW affair. This wonderful skill in 
travelling thiough uDfamilLar regions, without a guide-book or a compass, 
baa suggested the possibility of cats being u»iyd as special mewengeri* 
Recently thirty^even cats retidinfr in the city of Liege were taken in hagi 
^ long distance into the country. This animals were liberated at two o*cU>ck 
in the afternoon. At 6^48 the same afternoon one of them reached hit honi^ 
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Uia feline corapanionB ftnived at Liege somewhat lat*Tt but it it und«»tood 
tliut witliia twentj-foui hourii every one liad reached liiii home. It ii pro- 
posed 10 establiflb, at an eaily daj, a regular sjsftem of cat eotumuiiicadan 
between IJege and the neighbouring \illases. 

A CoAnrnpaUtan Btdlerfip. — Mr. S, Scndder gives the following sketch of 
the difltribution of Vanesm cardui in the ** American XatuniHiit*' for July i^ 
^ There h but one butterfly wbose range is so extended as to tneiit the naui« 
of cosmopolitan ; it ii the FatDted Lady, or Vaneaa cardmi With 
exception of the Arctic regions and South America, it is distribnt<*d over 
entire extent of every continent, Austi-alia and New Zealand produce a 
peculiar to theniselve^^ wbile the other large islnnda south of A«i& pi 
tbe norniFil typ^^ which ia abo found upon imall ialand» lying aft the w^steUT 
borders of the Old World, the Azorea, Canaries, Madeirai and 8t, Helena. 
On the lather band, it haA not been discovered upon tUe amnll ialando off ibe 
American coast, such as Guadaloupe, the Eevillagegidos^ and Galapagos on 
the western Hide, or the Bahamas and Bermudas on the eaAtem ; mnthi 
does it occur in any of the Antilles, excepting Cuba, and there but rapelj 
It is reported, however, from inlands lying in the middle of tbo P*dl 
Ocean, such as the Hawaiinn group and Tahiti, but its actual 
there is at least doubtful. On the American continent, it» southern bound- 
ftries will probably be found in Venezuela, New Oranadai and Ecnadnr, but 
it is abundant even as far south as the highlands of Guatemala, and tbenci 
Btretches nortliward ofer the entire breadth of ^e continent to the 
region !i I on the eastern coast it has been found aa far £9 Labrador, 
tbe west to the eastern shores of Behring*a S traits. In the heart of 
continent I have taken it upon the Saskatchewan, and Doubledny leporU 
from ilartin'd Falls ; but Mr, W. If. Edwards does not recollect seeing^ 
in the few collections be hns examined from points farther north. Al k* 
see it flourishing in the colder regions of I^uropu and North Ameriei, » 
al^ is it found on all mountain heights ^ and Mr, H. W. Batea, wridng ^ 
the whole genus, distinctly jinys it is * found only in elevated places in tie 
neighbourhood of the Equator.* The stations in Southern Asia from which 
V. varflm hiVA been reported^ — Cashmere, Nepaul, Bootan, and Sikkitn— iH 
lie on the flanks of the Himalayas, and the Nilgherry Hills ai^ ch^ bigbul 
elevations of the Indian peninsula. In the Alps of Europs thin inaeettiai 
to iht* i^now level J hut in North AmericA, although it may b# reg&rded i» 
one of the commonest butterftiei in the elevated centnd di^ict, itlani'rit 
abundant at a leTel of 7,000 or 8,000 feet, Lieut. W, L* CHJ-jjenter and olhfltf 
havt? never found it above the timber line ; but 33 r* A. S. PackaTd, jua*, 
bss takeu it on Arapahoe Peak between 11,000 and 12^000 ft»et, at}4 Oft 
Pike*s Peak fr^m S,000 to within IKXI or 1,000 feet from the auutmiL 
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